f >.L.lT 

? JiV 15 ' >^ 

v jl^U^ 

V U ^LUIS* (jLp'l j la^l 

^ ♦ i$l O'j Js^ 

^ ^ I* j j^JI 

^ Y ojl j ^UUa^ 

^ j^>\ jlT ij*^ c^>- ^.If^jj 

^ Jliol ^ l/lo 

YV lSj^ 

Yd) jJl <U 4j> j»J 

YA ^ j^ek 'HJ^ 

jjJL^ol oUpIS jl eililvxl 

VY ^ J£Ll« 

YT cs^' cS^ ^ Sr?" 

Vf ^ jl ^jfjj&te 

jz* jl Jii«*4 cSL^'lj 

VA j-^jk cSj^ t_3 Ltt^j 1 ^1 jl oilai^l 

^PY ^J^S" j\j jJC' 4jl> j^J^j_ 4j j>ej 

fT Follow j First «iy 

fV LL(1) 

LL(1) 4j j>J ^Jj cSj 5 ^ lS^JJ 

k\ 4j jJL 4j j>J 

6V OjLjl d5\J jl O^lil^l L) ( jXJfclS' — JliJl 4jj>ej ^JmJJ lSJ^-*' o,5 W 



66 c ^aIS'— JLbl ^oj>tJ J>-l^ £j jJl 

6V ^jLkP — ^jJLii 4j J>eji ^JJ 

6V j^JU-P — ^-Lflj ^jli (j^JJ * ° 

f" • ^Jjjj Jajljj (j- 3 ^ J*** 

?T ^^JLkP — ^-lib ^jj ji Ua>- ^*^L^?I 

^6 OiLo ^-Lflj 4jJ>eJ 

9"V oiLo ^-lib ^Jvjj j2 t£S £ Ij j (_£i £ Sr^ 

V* LR 4->J>=j lS^-^JJ 

W LR <uj>j ^.jj^JI 

Vf SLR(l) Jjo^ 

V£> SLR Jl&l ^ I f Lo ^ 

VI LALR j CLR 4,j*j JjO^ ^ I /lo 

v<\ CLR f I /Lo 

LALR Jj-^~ 3 A jS'Li 



r 



aj jLj dSC oju. 41^ ^ oU^j dSC 4^ I (jl <ut>^> ( Compiler ) Lais' 

lj ( Source Language ) ^ jLj 
( Target Language ) 



Source Program ► 



Compiler 



Target Program 



Error Messages 



( Lexical Analysis ) ojl j JJ>j 

( Syntax Analysis ) ^ JJ»j -Y 
( Semantic Analysis ) ^u*. JJUj -V 
( Intermediate Code Generation ) aJy -f 

( Code Optimization ) ^jU ^ -a 
( Code Generation ) aJy 



) J jjb- j ( Error Handler ) jb ^IL>- j.> 

.ijb ^ j>-j jj ( Symbol Table 



Source Program 



Symbol-Table 
Manager 




Lexical Analysis 



Syntax Analysis 



Semantic Analysis 





Intermediate Code Generation 



Code Optimization 



Code Generation 



Error Handler 




Target Program 



4j J o~Li oJJl y>- *U»o y Aj A^j y JJJ y i^C,\ oj\j ^JJb»eJ ^_g**> ^JjLwalS' (Jjl 4jb>- y 

: jl ui> jLp u 4jLxj t_ib>s^ jJl.^i ^5* ^ JjUJ ( Tokens ) U 4JLl> jl <_£l ^JLj^ 
) U oauTlJb- , ( Operators ) U^stk* , ( Keywords ) ^jlIT oLUT 
A* ( Identifiers) U <u-Li , ( Literals ) U c^ii , ( Delimeters 

j^.i ^« "CiS* -US' i jUoI yj& & ^«L<»I *) ■^ aj 3 ^* J ^} y J ^* y*-^* 

C ■■*>».-> jW*-* jiJ^" ^ ls**" 4 <j J, ^ J *^ oJLi jjjj t^-UlS' oUJlS' (^jL-o ^b^j LS^-^j ^_.1pI 

Jl y j.3 bal.UjLj o^Liluol 4j Jj L) J (. jJtlA vlSCi (jl jlP 4j b^j I jl d5v-*tJfc jl 

.•SjlUJ i j>-j C—ojU>t* ^1 PL/1 ( Jiu b^Jbj 
jl o^lil**<l L j i j-S' jl ji (^s^J^r! ^ J J -4 (^Ublksi- jiai jl ^b^j **JL»- y j2 

( Syntax Tree) y>^> dSC jl j J-Uj oju. aJy -uLiJ 

jJij jl t^s^jjj y ^A* - y oJJm uJ j>sj <jl*>-j2 jl o^lii^l L ^ 4JL>- ^ 

.iji ^ (JL*^ 1 cSb*bU>- 

^glwilLo ijbj <^5vj L> C>^l ^gJL^I 4"*b^j Jibt* aS* 4-*b^j d^J ^LoILo US' -iJ y *dL>- ^ 

^ jL»T Jjo^ ^Util JbL ^JL)L«IS' & (_g-Uj oLJLp ^^buj US' ^1 iUtil jJ> ^ jJ jj* 

I Jj 413 ^Jii jj j ^jl j^o JjL ^LoILo j^j * jliol ji.ii 

.-Lib oiL* Jj L ^LjU»j US' 

(_£ ^«sj 4j j^ji^S 4i>- y o-Li -tJ ^LjLLj US' li* ^ i y-i' y^ iSj^ 1 ^'"j 1 J* 
JJu yu ^g>\ y>-\ Jj>l>J jl i yM ( _gUS' Uj y ^_,.»».« jlS* ^1 ^Ssjjjlaj ^ jji O^li i ^-^ J 

.-Lib 

Uj jj ■ ) 'Lalj^j i " ijy&j J&jSjyi US' ^) L^J US' Uj jj ^jXs^sj ^W*"^ ^r^ 1 

Oljjl**'^ jl (_gl j«J>t« 4j i y^i ^LwiLlo (_^IaUS' jl ^lUS* jA J>*> 5 OjLati.i 

.uJi jS' ^4 ^JjU-j uiAi ^« ^b»sjl j^S* ^S* ^j-^iL* 



1 



( Error Handler ) jfa jj lku> 

^4 oJJl j>-l ^9 Jli^jli2>- ^L> 4jjj UjL) jj^-J La 4l>- jl (^jSsj j2 ^Lk^*- jL> jA 

JJ| jl) jL Lais' Asy^j ji 4S* -US' £ Jh j> (_£ j>sJ 4j I j Ua>- -US' ^4 (^j*-"" (J-^*- 1 <j-^ J^" 
( J^*P 4^L> ^) ji .3 j^- (_£lla>- (jJjl L> J -lA.3 ^j^S^ZJj AjXi jj ji Ij (_£ JLL*j (_^lAl!a>- 
^^SCow* ^LijJ d5C j.3 4S* Ij ^il&llas"- JLZ~j ^iSs^xl j j^ojL V j\*Jt*..3.3 j^- 1 L_ A9 jl« ^JjLalS' 

^Lij; o-Ui oiLii^l (_^La 'UuUJu C».«> jJjLw«IS' t£^> ^^oL^I j j*-^- 4 c^LajLS' Jl j^^^d 
, L^J I |»_*</l La ^jjj L> <*1sj\j ji j , ( Scope) *l o-Ui i__aj j*j jl 4^*/Lui ^jjl 4S* 

oiU**- ^3 La 4j jj 4j L^JU jS'j I Jjijk j I 4j 4S* ^j-^JJ , L^j I (_gL^jU jS'j I ^jV J .il-Uj 

La 4j jj 4^ (j\ 4^ ^jj j Call by Value l Call by Reference ^.ju 

.-UiL -U)l^ jS' ^« JL 

J^Li UijjS'j jjI 45* ijb ^ j>- j ijy^j viSCj <uoL-i y<s <_£ljl aj La 4jLxJ Jj-U>- 
* " 'I -" * j La ^uaiLlJu 4j ^ ^>Li*»o <jlSC«l (J_j_is»- ^jjl.ujjiL) La 4^»iLiJu C->L^is^« 
^ j*- <_jLa 'U-L-i ^JiS* (_g (jLJ^ej a!?- j: j jLLaLS' j^.-Ia^ U 4j Ij L^Jl 
aj oLp*>U?I ^1 JjLsLS' ^SCi ^La ^UL>— ^ js.Ju ^» La ^JLxJ J j-U>- ijl j ^^JU^I ^li^ 
.-Ui -Lai js^- o^Lii^l (_JaJb>t* ijl j^a ji L^J I jl (j-**-^ j -Ui -UaI j>- as[*J>\ JjJ^- 

Ub jLLoir ( Back-End ) ^l^f 3 ( Front-End ) f J*l T-) 

^ La (jL— >J 4j ^S* L^jL*- ^ * ■ g ' 4JL>- jl J ( JjL_u«LS' (JjI 4JL>- jL^>- 4j 

aj.jlj jf jl L.LT Front-End c— I Jl Jii~^ j jjb ( source Program ) 

C^l ■ i a ^j^La 4j 41^oIj aS* 4 JjLw«LS' j>- I 4JL>- j L^jL**' 4* . g t 4jL>- jl 

^ jL.j 4j 41^.1 j LaLS' jl jj^?^ I V j^j^.-Uj jS* ^ Lois' Back-End 
^1 <^jj j> jJL)L«is' jl 4!*- ^ j-jLt j p! = i~i _ r*60 jji^^ 4^>- ji _uj j^i.e— 

(jui»j& real ^ jl j^SL* i , p , r ^ jlxj Ij j ji^^ 



v 



p := i + r * 60 



1 


r 


Lexical Analyzer 


idl := id2 


T 

+ id3 * 60 



1 



Syntax Analyzer 



idl 




I 

Semantic Analyzer 




id2 




id3 inttoreal 




60 



I 

Intermediate Code Generation 



tl := inttoreal(60) 
t2 := id3 * tl 
t3 := id2 + t2 
idl := t3 

1 



Code Optimizer 



tl := id3 * 60.0 
idl := id2 + tl 

I 

Code Generation 



movF id3,R2 
mulF #60.0,R2 



movF id2,Rl 
ADDF R2,R1 
movF Rl,idl 



( Lexical Analysis ) cS' -f 

<j\ ojl J JJL^tJ jlT Lais' jl ,jJ&-\ J I (^1 ojlj JJb>J Jj Lais' aJL>- ^ J;!^^ 

^S\JlJL>eji j iS^JJJ ^-^j (j- 1 jS' ^« ( SC3.IlIlCr) jJ^^I Jjo ^L>eJl Ij 

j-ul j>- L aS' I ^jjl ^^U^l ^iJsj.c— I ^ilj ( P&rscr ) j—jIj b <^ 



Read character 



Input 



Put Back 
Character 



Pass Token & 
Attribute 



Scanner 





Get next 
Token 



Parser 





^yS->s-Xj jjj (_gLa ^jS* jj -Lib A ! — B "I - C (_£-5jJJ ^-*"J 4^ ^gj j j-^s Jlta jl jlP 4j 



< id , A > j < ass. Op. > 3 < id , B > 3 < add. Op. > 3 < id , C jT 
(j I (j-^j^ I C^l 'UoliJu ^ y ^5* JAi ^« ^j&J>xJ^j & ^j>\ jj oj*}Ip jj^^l ^l^jbj 

^uU^) j jjI j>- j-w? lj ^^JU^I 5 ( Comments ) olw y j 

.Jj Uj t_j9 JL>- 

j ( Lookahead Symbol ) ^ & j£ y ^j>-~\ *, 



Ub ( Lexeme) ©3(3 3 ( Pattern) $£1! 1-f 

OjLp jS' ^yi ^S' jj j I jSsJl JLib 4l£b Jjljj* ^yi ^S* jj d5C aS* ^^15* ^3 Aj 

oili ^yS-is-Xj L^J I (^I^J ^L^^J ^ y ^ Jjjli ^J^J i^^* iS^JJJ 7^"" ^ 

..3 j*i ^y i^Ju^s y ^jS* jj j I (_£ jSsJl Ja**i jj La ^jj I ( _ji5' ^ jS. 2 yM 

jS* jj jT ( Lexeme ) ej! j jla^ ^ jS' ji* d5C J^-^ aS* U <u«j y j\ <_£l 4JL0 <u 

ejlj j j^Jl 4j j<J JJj>- <_£jl>- jjj Jj-b>-.-Uj jS" 



Token 


Lexeme 


Pattern 


Const 


Const 


Const 


if 


if 


if 


relation 


<,>,<=,>=,<>,= 


< or > or <= or >= or <> 
or = 


id 


pi 


O 1 jLiJj j £j LaJl l3j Ij 


Num 


3.1416 




literal 


"core dumped" 


j.5 ^j-j 45* jj AZJmj j& 



jlJ *XLu* jAj j^xjL 4j Ij ( - _j*S' ^ *^T" ^ » ■ i y" 4^JL> I jl ^l^^l l& (JL **,f>j ^^fijo ji 

' > ' C-**^ jJji L) Jlla jl jlaj.-Ul j>t> <_£.i JjJ jl jJ JCs>- 4^ ijb 

- jxS'l j IS* ^1 aS' ^ UJljitL. jJ I j <^wUj ij^JjJ 5 j'^ j^J (S^JJJ J* 

ji- I ,5j j* J^-^ o.ib ^j/* (jS" JJ ^—"0 J/'*' 1 j.5 J ^jS* jj -Lib 

j-i o~Ub jS' jl> aj ojLij^ o-Li oUjl j>- ^sL^I jiS'ljlS' JjLi 

ji.c— I Fortran ^Ji; ^l^jLj I jyjj jT L> ^SL»I ^s* ^y^LL* jl jSCo ^^SC 
^ 4i9^S' ojj^U <_£ (jU ( Blank) ^l^*- W^i Jr* oi' 

I Jj ^Ji) j.5 Ij jj j j jl*«0 ji ^ ^ DO 'UJS' Jlia (jl jlf^ 4J..5 j-i 

aS' C-aS' jl jj ^-S>Ij o~L^ jj 1 .25 jLIpI <k£ ^Uj b- Do 5 I = 1 .25 
tw* j* y (j-ojs I Do5I jl L ^>^> *^SsJl> <_£_US' <uiS' jji*o jjjl Do 
aS' C-iS' jl j7 jl j LIS" 4f ^Uj t Do 5 I = 1 , 25 jj^o ji 

.c— I Do <ul>- dSC jjI 

wUi^j oJLi jjjj oUS' jj^ ( Keyword ) L s-US' oLiS' L^T j.s ^l^juj j:> 

4j._lao ^ya-is-XJ Lf! I ^»L«J<s (_$U 4^*-Li jl Ij ( _£~US' OUJS' Jb'l jj ^^-J ^Swl PL/1 jJaj 

'. jij jyu^i Jli« (jl jIp 

IF Then THEN Then = Else ; ELSE Else = Then ; 

N j^jva ijl j« ^jI ji.c— I JSv-La jL~j Then jJcj> jl THEN ^-lJis' -uis' jS'lJb- 

( Lexical Errors ) ^1 ©3(3 ^sU&lk^ f-f 

Ij (S^JJJ ji j^-"l I j-> j ~bL> -Ul jj ^4 jJ^^ol Ij ^ijSstji (_glAl!a>- (> _ s J^' J jkj 

olS^ (Jlia jl jJL*j.JJLo ^4 Ij ^-"^ ^^ji LS^^" ft "'^ UJLo f^«-> ls»«^i 

^j^i-zJXj (Jl. ... , 1 jili 2 j>i o-IaLXw« JjI jL (^IjJ C ^uU^j d5C j^ fl 

.^Jiio dSC L I if -US' 'uiS' jl Jaip (_$^lol dSC fi IT 

fi(x = = f(x)) 



Aj A^AZJ* ci^J i)\ yS- 4j I j ^ Jj I j£^>\ C-<^\ jL>t* jJCj» tl^J fi aS' ^> L>sJ I J I 

Error-) jb^jLU*- <uL>^> cJL>- ^1 j^.-LiLJ ^J***- ^» ^L><jI ^ 

( Handler 

" Panic Mode " <u ^j^y ^ jj tgjT ^ ji «oL- .sjb ^j^-j j^-i' ls'j! 

^ji ^jS" jj d£j 4^1)1 Ij i j-i ^$Ss>- i^^jjj <£J»j jl jJJLM (j->l J^- 

: jl jcj jU ( Error-Recovery ) lk*> tS^iJ ji 1 - 

( := <u :$= Jjjl; ) jl^. ^ ^1 jLf dSC, jsJb- 
( ;— <j : Jj-^j ) o-*->i ^ j' 5 j^ -Sjl 3 

( := ^ :: Jj-l; ) ^Tl jlT dSC L. JJLp ^iTI jlT dSC -V 

( := <b =: Jj-lj ) ^1 jlT jo -f 



(_gLas jSsJl Li j I j^b CJLLLt* j La ^S' ji* ^L^J lS'j! J^^^ J' c5jL«~> ji 

jl-lila aS* ^> L>sJ I jl.JjO jl i^'Jj', J J^\J^ ^ ^ J 5 !" j- 4 

,_£l^> dSoyL. dSL^J j\ 2 j£ ^ lSj^ La J^h^ LsdW^^ - jl t^^ljj 

.ii ^ ^ oilil^l t^^jjj (jU ^1 jlT jb ^ 

I o-Li t5 S^h^ N <UJ 4j 45* yL) d5sj jl U d5Cj^J ^jI jl 

jl ^ji; vi^j I ^La il-Uj N jT ji "tT -luS' ^ oilil^l 

^ ^iS'ljlS' jaJl j>- (^L^. read jU y L. y jjI ^ ^\>- 

<uJ y» Ij c^^JJJ ^IjLfN 01 jJ 

jj eof ^L^- ^Tl jLf d5C U ^1 jLf jjI ja;l j>- jl -u. -UL. N jl ^i*^ j£\ jlT 



E 




M 




C 

i 


k ▲ 


eof 




Fon 


vard 



Lexeme-Beginning 



Lexeme jJjl ^ jj 4;l*j ji Ij&i j^.-LiL ^ ^jL?- Lexeme 
^S* jj 4^1)1 Ij ^ ^^Lo Forward aJLu.ujuS' ^» ojLil Iju juL 

jL>- y L> Jjl? j! I jl*-t> Forward jj ^jLxj , ^ j> ^ysJ>j^i c^>- 

> ^ PL/1 <ul^ d£ ^ lj DECLARE (ARGl,ARG2,...,ARGn) 
.4jiIjT ^-1 d5C I j c—l ^aJT ^JiT d5C DECLARE ^ cif jly 



Ojj^t> jl j> J j^S" ^i^Mjfc j Forward 4jLxJ cS j>- J jxS" ^$\j> 

If Forward is at end of first half Then begin 
reload Second-half ; 
Forward := Forward + 1 ; 

end 

N I <uj , j[> J j\ <uj (jlfi\ 4j Forward <_£jj <uLtJ £\ c~«~J jjI 

else if Forward is at end of second-half Then begin 
reload first-half ; 

move Forward to beginning of first-half 

end 

else Forward := Forward + 1 ; 

I j jl Jjl <uj ji jl <uj ^ifj\ <u Forward ^jj <uLtJ aZLjjj^ 

^ Set jl jlpT <u I j Forward <j jj <uLtJ j ^ ^ Juj&- j£\ j& 



( Sentinels ) l^L^j jl ddfeJ r-1"-r 

4j jj 4jLxJ JjI II aS* -Li ^yi vi^>" Jbb FOHVard <_£ Jj 4iLtJ JISjjls- I JJ cJl*- 
e-L^xj jib d5C (_£l£L>l 4j 4^Jjj^<2 Li ^1 o~L*»ij ^sL jl Aj^j (_^L^1)I 

-Li oJjfcLZt^ A^jjjb jbiJfc (3 |»^J_^Jl J^-^)->^ J^> ojbj^ Ij i *U_j JjLi -Lib 

tjd' <jl l? 4 ^ j^ 1 lt 4 fW^' J-*^ Forward ^jLtj <^jjji>- iS^y. 
j£\ jlT d5C t^lpl jA> jIS' jjl (jl^.i j5* Jj-LJ d5C 4j Ij 

( jlaI <uU^> jl ^ju-wJ jl ys- aj Sentinel ) jl y jL^Ssi 



M * eof 



C * * 2 eof 



j) j ^jjjj^JI jl ^»_jI ^y Forward iS3j ^l^j c^S* j>- J jz£ is^y. 1 ^ j* cy^ ^ 



Forward := Forward + 1 ; 

if Forward = eof Then begin 

if Forward is at end of first-half Then begin 
reload second-half ; 
Forward := Forward + 1 
end 

else if Forward is at end of second-half Then begin 
reload first-half ; 

move Forward to beginning of first-half 

end 
else 

/* eof within a buffer signifying end of input */ 
Terminate Lexical Analysis 
end. 



^Ub ff/b d f-X 

Transition ) ju&i ^ is^y) j 1 <s\j> 

I jb c-4>- Jsl jf dSC ^S! j ju&i ^ ^fio dSC.^f ^ dSLS ( Diagram 
Ia c--*-^>j jl .c**x I ( State ) d5C (3 yt« j I ^l* o £ jl d5C aS' 

^ya>s-Xw4 <UjI>- ( (_^La ) C'.>».y?J (jl jl*J l^J I jl ( Ij ~U>- Li ) J £j j-i C->«.v? J 

i jj. ^» e^b jl y Jiiil *l j^L^ dSC (_$u <_£jj ^La ( Label ) ^>^.ii ^ 

L l^J I J,,l?7 d£l> (^La^iS'IjIS' jJJlj>- L.C— I jbj (3 j>j> Jliol ^lyj'lo 
^ysis-La (jl jj" ^1 ^S'U ^ j I U>-o j jl> j d5C tjj Jliol ^1 jS'Li ^ >-^> 

^> j JU&I ^>l jS'L) .5 Jlla jl Aj.j^i- L C— ^1 jlabj jL) j 4j JjijC* j I l> I £ 5 j-aJ 

(_$u 4ii j J^ii aS' ujuS' ^ cJw' y ij i^j j' 5 (a|b)* abb *Jai« j 
.c~^l ~u abb <cJmj j) j 4j b j a ^y^- jl o~Li ( J^^-xj 



Start 




b 



Jl&l ^ £ Li dSC.c~J ( NonDeterministic ) ^yJai ^ ^ Lo dSC J^s ^1 Li 

: JLiL 4lib !j y j C~*?l>- ji jl aS* I ^yJai j-p 

.-U->>>L) 41xili 4jLXw« ^_.,.»>-^) (j I (_^La C.' .*./?J jl ^>-jj jl o-Li ^J^" ^ * 

aS* I ^1 4j € «>-jj ) JLiL 4iib i j>- j € ^_^>-^) <^ljb (_$U <J • 
j^^a.Xj^ ( Deterministic ) ^yJaS I J\ ^^tJai ^1 ^f\i 4SCjj_^ ji 

jiJ f ' J^k' 5 Ji-V JiLvo ^yslai ^1 j^Li d£j 4j jly ^ lj ,^23 j^P ^1 ^Li _/> 

: C~J ,^23 ^^SsJ J js JiU^ 



w 



Start 




^gl^oL ^yJas ^1 jS'L.i _^ <uL'^Ojl.i ^ydas ^1 jS'Lo tiSsj 

^yJai JU&I (jU ^ Li ^ a Jj ^ ji.jLib Backtracking L ^j*- ^ cJLli 

jJijijj^ jLj ^La jj (_£ ^SsJI t3 JL&I (_^U ^1 £\>s Ijiil jJ^SwI dSsj ^Jl— «oLj 

Forward ^ 3J ajLu aJl^ 

jl ^1 jS'Li ^jXo L««o .|t_^o^j ^L^j c.' d5C 4j 4^i)l L" j ^jjt^a j 

( Start) 




4J Ja*- jj I (_g y»s ^SsjLj <i-^J> j <^5^j <J " other " ^^-^j 



Start 




= jl jJ> JL* j£\S& j* J^i :Other 

..5 _p ^Lp-ly jb ^lk>- 



letter other 
->( so i ►( si ^ W 



Start 






Letter / digit 



<_£~l1S' oUJlS' ^^a-is-LJ.i j^J o.il<k_^l jJ L gu_JlS' oUlS' ^^a-is—xJ y ij js ^\ jS"Lo 



) 1 



o^L- jl ^jL- l-*^~ jLLaLuj* tuJcJji jl Ij ( _£~LlS' oLJ5' 4^Jl ^l^oi ^5* ^« 
^jjl Aj.^jS" Ij ( _£~lJS' OLJiS' La AjLxJ JjJj>- ji |JLj| ji 4S* C.».w»l ^jjl L^ijj ^jj 
L> ^1 'UoLui j&j ^jS" jj ^S* C-jL) La aJLxu JjU^- 4j £-j>-j L> ^_..T 



if 




K 









-Lib , -a 

b*j> Keyword ^SjL : K 



install- ^t.i ^ oalLJ install-id( ) j gettoken( ) ji jl jlT ^ 

<uiS' (jljl«j La 4j*UJ J jJb- jS* jJ o jl j ^\ j x£ ^ Ij J j^>- id( ) 

jJC^a d5C ojlj 45* ^Jij y^p j.S.UJl.3 jS" ,^jL> Ij jJL*3 i-lp ^L) ^1 JJ»\j o~L»l ( _^uJlS' 
AjLiJ (J J-b>- j.5 j I i^fj^ I £?^> (j- 1 1 ~L>iL> .5 |»Jfc Jj_b>- ji j i j^i 0.5 1 .5 ^y2-s-s^ZJ 

jl ^jti -LiL! i y> Jj_b»- ji ojlj 4>Jb>- jS'l.JJl^ ^S" ^« jL> jS' ojLil 4JL**<^ Ij La 

Jjfcl j>- oJjl.3 jS'jLi j I (j-^J'i I (J^S C-JL>- JjjUia J oJJm ijlj ^"^i 1 (Jj~^- 4j Jb Jli»- 

.-Li 

ajl j aS' ^jijj^a ji j ^s* j>ei«**- Ij La 4jLxJ Jj-b>- ^^jLl* jjia) jj gettoken( ) 

j.5 J JZlm jS j^ujL 4j Ij ^libl* ^jS* jj UjoL) (_£~LlS' 4*15' jlio j 

OLJiS' il-Uj aS' ^J>jj^9 ji i^J y ^jjl Aj.Jjfci jLijI Ij " id " jJ Ojj^IjI 



j~J*j ijl j£ ^is>-\j Aj j JJla Jjfcl j>- j~Ju (jj-*-> (Jiijl ^1 jS'lo -US' j^Ju (_£~LlS' 

cJftlls^a (_gLfls ^ y JU&I aI^Lo jib j\ jS o js*j Sjy> 4lSsj ~L>- l>tl> I j.i 

oiLil^l y> 4^ (_s^^* ^j&^-iZJj ^IjS'lo ^j-l>MJfc. Jjfci ^y2-st«ZJ Ij 

jTjj ju&l ^ £ Li jl JJ jlL (... , tab , space ) -Ujb u <uU^ 

0jU»Ji.-lAi ^4 jLtj Ij .il-lpl ^ya->s-Xj (^lj» I* ^»l jS'lo ^^19 ^S" jl ^3 i -J J> j> j J^-^ 1 

U ^>l jS'lo y j^^i 



digit 




digit 




CciSC j jl*«0 Li I j> I jljj ^JZs~\j Aj _Li I* jj ^ys->s^XJ ^1 jS'Ij ^ A&L> I jl Jjti 

..5 J«*J 

.^jjS^ Jaj ji Aj 4JU L ^Ji d5\j i CJU- y>s 4j 
Aj — > OlAjOjj^aj oOpli ^jjj ^ j CJU- 4j a jjj I i cJU- jl j^l .Y 

-Uy Aj — > Aj ^ jS aj <j\ oOpli jj ^ j cJU- 4j € <_£.i jjj I i cJU- jl j^l T 

.^jS" ^ JlJ jj Ai — > £ 4j oJIpIS -Lib ^Ifrj cJU- d^j i jS'l .f 
^yi Joj y>\ £ £-J j£ C~«*>\p jl jiP 4j Ij Aj 4jbb j;P -Lib £j j-i cJU- i ^1 .6 

: z ji jlaI j>- j Ojj^ (a|b)*abb ^yJai js- ^\ jl Jii*~« ^l ^ *^ 

A — > aAj | aA |bA 
Aj -> bA 2 
A 2 — > bA 3 
A 3 -*s 

J^-J i j«*j jL> j-> (j^ 4 jl ^JjJI**^ (^^a yl ^S" la jj* \j ^->ijj jjJ -ApI jS jljj* 4>" ^'l 
I ~U j*i i^ju^s jj* |»Jil« OIjLp Jfi-u jj (_£ jiJ -IpI ji C—^l 45* ^jb i j>-j i^J^^^ 

^jZj UkJ 4j (_£ jLj L^j I i^_jL^f ji* ,_£l^j j »Ul»*Jfc oiL-o <w*1pI ^->^j J*J Apl ji . ^ 

.C— J Jl* jl J£l~* yljS' y ^ji 
^jl* jl ( Jyfll~w4 (^l* j-«l jS* jl jjl-> jS' j jj j-is (_gl 4jL*»ij (_s^" j^*^ ^ ^' * d- J ljL»P .Y 

jj jj* |tJal4 oIjLp (_^jj jl jl^^ j>- ^jj^i jl jj ,_5^ Ij iS j^^I T 



.ijLu ^ j> Ij ^L*^ Ojj^aj U J LL«lS' Front-End c~*-Js (jjL* 



( Syntax Analysis ) cS$^w - P 

jjj Oj j-^> ^l5\**<l J j^*<jL ^iiilj 



token 



Source 
Program 



Lexical 
Analyzer 



Parser 



get next token 



Symbol-Table 



^ >yrs cPiJ £y J> J£ jj^. 

( Top-Down ) jJL A* VI jj - ^ 

( Bottom-Up ) Vl 4. jJl - Y 



-UjU ^ jjL <u Vb jl I j ( Parse Tree ) <uj>j c->- , jJb ^ Vb ^i^i jj 

Vb 



1,2 E 
3,4 T 
5,6 F 



E + T | T 
T * F | F 
(E) |id 



c^i^s- c-w>-j^ aJ^jj jl & 2 ~i»lj>- jjj Ojj-^i id "I - id 4Jl»j>- <uj>ej c^>-j^ 

OjJ*2J (_£ j^l jS" £j j^i jS'l ^jjl jl <^jl £ ).C».W»I j^l jS' £-J j-i 

J 15 <j ^ £j j-^ jl j1*j j^l jS' o-lpli (j-Jjl *>— C'.o.^ L» Ij i j-XJ ^sieJL* 




E 



+ 



id 



id 



: jl UjU ^Jb 4i Vb * jsu cS^iJ 

( Recursive Descent ) j j&Jb ^jj - ^ 
LL(K) JiT ^ jl ^i*. cJb- 4T LL(1) J> 3J - Y 



C-^lj 4j ■ jl iS->JJJ ^ C—^l ^jI Jjl L jl j^Jala LL(1) ,j*JJ j2 

Left-A'lost-) jl j^jL (^g**- 1 ' L ' j jS' ^« i_$*^Jji J j 3 * - 

Jaii jl ^ai y> c~J jjJ jj ' 1 ' j -US' ^ colLJ ( Derivation 

.-Li j>- i^g^Jjt ( _jS' Jr> <^£> 



: jl js,Lp Vb * ^b * j» cSl^ij jij 1 ^ 
( Operator Precedence ) ^stkp ^ 

( Simple Precedence ) oaL. -jiSj ^jj- y 
, LALR(l) , SLR(l) ^l^U I jakJ^ a* ^Ijb 4T LR(1) ^jj-r 

CLR(l) 



Shift- ) ( _^a15' — Jliol <o l? 15' d$C jl ^ y <u J js ^Ig-ijj ^r 4 ^ 

,^1*0 L^j^" e-^Lo (_$l^ jjl 4j ^j>=j jj ^ j^t.JLuS* ^ ( Reduce 

(_^La j-xjIj jlS'-i j 5 *" j j^ jl L^_> I tiSC«5' l> 4S' ^ j^ Ul uJ^ji i -c*<L« 

Right- ) ^<lj I"--* ( j^5sp jl j^jIj ^5* c—^l jjjl ' R ' jl j jJiia j ujI j>- ^<lj 

.-US' ^ oiLL-l ( Most-Derivation 

( Top-Down Parsing ) ^Jb 4* Vb ^js? 1 -T 

.Jb ^ I j y_j yl jf ^»UjI ( Back Tracking ) 

S^cAd 
A — > ab | a 

• ^ l?* J"*"* 1 JiJ ^ JJ^! J^ 1 J^ Cad iS^jjj j ^j^ 




c A d 

/ 

a 

& SjS" ^ 4^ ^jl Ulil ji 

Vj^w U^jl ^ ^J? jLa^jf ^ ( Predictive ) jS^l-* 

jjlT ^ ^ ( greedy ) 



Jaj C*-xl Jl^-b jbj ( Type ) <U jS' >3 4^ lj j y>\ £ Jlla jl yS- 4j 

Type — > Simple 
It id 

I array [ Simple ] of Type 
Simple — > integer 
I char 

I num dot dot num 
jT ^_^>- A aS' j^I^ -apI ji jl (^j^j A ajIIjjp l n 4^f ji 

^5* jlJUj j> jl lj o-lpli ^jjl C~*>lj w j ^S* t_jU^Jl lj .ijta jl 

l_Lo lj i j^i il>sj I -l> L 5 C^>-j.3 jj j d^j l>sJ I jl 45* lj .Y 

^yi 3 j£ ^yi eJJlj*- lj 4j k_*>- jl j I <j^9 J^Lr* 

" array [ num dot dot num ] of integer " Ojj^ 

'. -IaI jjj 1 " 'jj-.-^' jj-^jk <i^s>-j^ J-^-xJ j^.^LiL 



array [ num dot dot num ] of integer 

t 

array [ num dot dot num ] of integer 

t 



Type 



type 




YV 



array [ num dot dot num ] of integer 

t 



type 




array 



[ Simple ] of 



t 



Type 



Trial-and- ) ik>. 

<tabl i ^La Jjl ^Utul oJlpli <*5" ^Jijj^a 4S" (^j^ ^-lOjJi ^ ^L>Jl ( ElTOr 

..5.5 jS" ^4 <_jl>eljl (_£ oJpIS ^ y>z^l L) .5 ^S\-JLP J-a-P L> <-U*>L) <Uj>eJ J-*^ 



( Recursive Descent Parsing ) d * f-P 

Recursive ) * jl» -US' ^ J^p ^Lj^Lj o jj-^ aS" jl ^1 ^1 jl LS SC i 
4p d5C jT j -US' ^ J^p jjl 4j VL> Ojj^ jL jjI.c— I ( Descent 

<_£l^> aS" La 4j jj ^jI.-Ua^ lt 4 j'y cr" i'-^i 15 JJ- 4 ' J lS^JJJ A ^ J j^i ^* ^-JJ 

: JU&i ^ j IS* aS" ijb 4j jj dSC 4JL L y<s (_£ljl <u i ^SsUL j^jb dSC.JU^" 

jJi cilal^l j^l ^S" o-lpli ^l_iS" jl 45" i j-5" ^ ^ , o ,<?v — ^ 
.-US' ^« oilii^l o~Ui * jL>eijl oJpIS jl — Y 

jl ijSsJLJlj j^ojL d5\J .3jb 2j2fj 4jL)Ijj-P <_gljl 4j *lS" ^JJ _^ oj*}\p 

Ji>- ^j>=j c~>-ji <_sU j jjj (_$u jS" y c£l^> match iSj^t^ 
<jl>j Type i^jflj j^l jS" (^l^j ^ ^SnjljL j^xjL Jit* jl _ji*j.>-uS" ^« o^lii^l c-^-U* 1 
jj match 4j:jj.c-5.b jlaI Simple j Type ajLL.^ ^jj JISCi 

Procedure match ( t : token ); 
begin 

Y A 



if Lookahead = t Then 

Lookahead := nexttoken 
else Error 
end 

jjdA j i jJm o^iii^l Simple j Type <u jj j& i^-h iS^y. ci ^jj 

.jjo ^ ^ I j Lookahead 

Procedure Type ; 

begin 

if Lookahead is in {integer,char,num} Then Simple 
else if Lookahead = array then begin 

match ( array ) ; 

match ('['); 

Simple ; 

match (']'); 

match (of) ; 

Type 

end 

else if Lookahead = ' f ' Then Begin 
match ( ' t ' ) ; 
match( ' id ' ) 

end 

else Error 
end ; 

Procedure Simple ; 

begin 

if Lookahead = integer Then match ( integer ) 
else if Lookahead = char Then match ( char ) 
else if Lookahead = num Then begin 

match ( num ) ; match ( dot dot ) ; match ( num ) 
end 

else Error 
end ; 

«w*« <cJ>j iSjj ji " First " ^»L> ^g*- 1 ^ jLkpl J^U- jl oilii^l Li 2 ^^loL j-xjIj 



First(a) ^ J^U-.xT ^ U ^LL j-p j U 4jL)Li jl <c-ij <_£ jj First 

jl edJojJ ^jj (_^La jl C. <> »>9 ^jj jj l*>- o in j.5 aS* C».^l Ia AjL> Ij jl (_^l 4P 



First(a) = {a | a => a(3 , a G T , (3 G (N U T)* } 

o-Li °' 5 JJ^ (_£^-*-> <_£La <j-^>*-> First *^L) I C—^Uj |»Jj 

.Jj jOvj j^' j.5 Ij jj j j^ol ^S" jLia (jl ^Isti.iJl^'l 

S^cAd 
A — > ab I a 



First(cAd) = {c} 
First(S) = {c} 
First(A) = {a} 



: c~£b ^aI j>- Type ^1 ^ <_£l^j 

First(Simple) = {integer,char,num} 
First(| id) = {|} 

First(array[Simple] of Type) = {array} 
First(Type) = {|, array 4nteger,char,num} 



JLib Oili A > |3 J A > d Ojj^i oJpIS AS" y>\ £ j2 y ^j| 4j 

^4 <j-"*^ I j t — ~ ^Ll* o~IpIS , .ApI ^1 ^lj C'o»» First jl oiLii^l L ^ ^^JLjL j^ojL 

*^jl ji Jsjj-La <C*)I -LiL) 4lib .i^SsJiP J^kP 4j jLj I jjdj 

'. JJm\j jl _^^> j->j j->^ (^La y>\ ^ 

First(a) D First(P) = $ 



( A — > £ ) O^if^J jl ©alaLJ T-T 

oUpU aS' jL.a^S' ^ e^lii^l ( default ) ^ y ^^Lj 

: JU- 
ST -> begin STS end 
STS ^ STL | e 
STL -> a 

jS'jj jjjljsi- jl *iy>*> c>>-ji.-LiL> begin end ij^jjj -V^" ^r^y 

; ~i»l j>- jj j c~)jy*&j ja\ jS' «*}Ip ^ j begin 




<i*> jj jS' ^« c-jLi ^iSC^I jl end iS^ ju y •> begin ^ y jl 
I JD J First(STS) 4p <u jl*^ end j j»-.jl*>j ^ STS ^jL L ,k~o <u 

Oj 4j j>=J C-»>-j.3..3 j-i oilil^l ^3 ^3 <j-~*i oUplS jl ^1*J STS — * £ oUplfl jl 

; _i« I _i»l ^ j 




begin 



STS 



end 



t 

<Ujl>- 4j j>eJ (J-a-P J 3 J-^ 1 Jj-Jaj 4j J>eJ C-w>-J.3 end 4jl> Ij L) jj end ^5" jJ-"^ 



n 




begin 



STS 



end 

t 



..i^i ~ul j>- fj^ji xiL) end <di>J jT 



( Left Recursion ) ^ jf JCLo f-f 

j\ jl 4j o_IpIS d5C ^_«>- AjL L ^ £\ JCj jS' .i jS' lj ^ y>\ 

i jS' ajL> L OjL«jj-LiL) o~Li jaII? o~IpIS j I C-^-lj 

.-LiL A — > A(X Ojj-^aj o-IpIS -LiL 
jl^l -Lib oili ^S" ^ ja\ jS' t^l^; jl \j (3^^ ^ (j-^jk cSU-^JJ 

A > A(X I P ^ £ ^_~>- j^l jS' Jlla ^yi.Jj^i) 4ZZ>\Ju 3 js>- J jT 

: ^j^> JjiOJ ijlii <__^>- y_ j ^ jly ^ lj 

A^PA' 
A' — > aA' | s 

.-Ul5' ^4 i^jL^a y \j OtP* ^ jjL> i^^* J} j^l ^* j-* 

\ ^_wiL> <cJt>ta jS'l ^JS" jjbj 

A — ► Aa { | Aa 2 1 . . . | Aa m | pi | p 2 1 . . . | p n 



A^p 1 A'|p 2 A»|...|p n A' 
A' — > ai A | a 2 A | . . . | a m A | s 

( Immediate Left recursion ) " jlSCiT & p ^ " Ij U ^ * jSol 

S -> Aa | b 
A -> Ac | Sd 

S => Aa => Sda 

( Implicit Left Recursion ) f ciJ^> &-Y 

y 4j Ij j^IjS' <_£l* 4JL L jS- Ij&I.C-J ^S" JlSls LI G yl^* <_bL^ ^ y>\ ^ 

oJJm ^j&3tz*ji iZjjj^aj I j jjj JLkpl ^j^m.^S" ^« * j Aj,A2,...,A n olj>Ji 

: ^ j! <j\j» <il>- 

For i := 1 to n do begin 

For j := 1 to i-1 do begin 

JLA.i jly Ij A; —*■ §iy I §27 I • • • I §kY OpIjS Ai ^ AjY JiCi <b oJIpIs 
JU^jfc Aj (Jbts Jlplji Aj — >■ §1 I §2 I • • • I §k oT 

end 

end 



rr 



S -> Aa | b 
A -> Ac | Sd 

j!.|^5' * J jA ( C—^lj 4j *»-»>- jl ) S j A iw*. J 4j Ij j^l jS' (_^La L» j-p IjjjI 

: tl~S>b ^»_j<sl j>- A — > Sd oJLpIS (_£ jj 

A — > Aad | bd 

A — > Aad 
A^ Ac 
A->bd 

; Jj I "■Xi yj ja\ ^ (_j -LpI jl^i I jS' i_> ^3 J*- l> 

S -> Aa | b 

A -> bdA' 

A' -> cA' I adA' I s 



( Left factoring ) ^> jl ^ j*f j^ls 

jlj^ aS' j^Ju I j -ijb i j>- j A — > CL$2 J A — > Ct|3 1 Ojj-^sj oJpli 

Jbb JpI jS JjI jl dSLaldS' jl 4^ C~~J J-i Jj AS' I JjI ji \» y>\ J-J JjI JSv-L* 

• jl jS' e-ilil^l A ^JL> Lj Ja^o c^'^r! 

Stmt — > if exp then Stmt else Stmt 
| if Exp then Stmt 

4Jb L jS- Jfl-uj (jl^j o-U-li ^laS' jl 4^" C-JiS' jl y 4jL^>li*>\j jjj if jJlo 

^jsrj>» oJipii A — > aPi I ^ ^ j^.i oiLsi^l jl y ^ Stmt 

-L)Li Ij A C-a5" jl (^^a-j »Lil> o-Li jj# (X Li j ~L_>il> j^l jS* 

^ jy^\i a jl jA £3j y. 



A^aA' 
A* - ft | (3 2 

A — ► aPi | ap 2 1 ... I a(3 m I 5i | 5 2 1 . . . | 5 n 

L.C— ^\ o-LxJ jlp I (X L> ^IdS' C—^lj C'.o.^ ^5* ^^JLj §j jl 45* 

A — > aA' | 8i | 8 2 1 ... | 8 n 
A^p 1 |p 2 |...|p r 



Ju _b>- 4jL I d5^i A' jT AS' 

; »Lil> ^« jjj Oj (_£ j^l jS' -LpI ijli* 

S^iEtS 

S^iEtSeS|a 

E^b 

S^iEtSS'|a 
S' -> e S | s 
E^b 



( Non-Context Free Languages ) jz» jl JSl*jo tS^j V-f 

jlj- 1 J&> 

Li = { wcw | w is in (a|b)* } 



To 



^1 4jLL« jl I j Ia 4zJ»j ( jjl.JJiS' _lJ aabcaab Ojj-^> 4i«ij jl>j ^jjl 

^sjl wcw ji Jjl W4T jjJ j\ J l^'T jl o^U^ol 

.-Lib j-Xl* jl oiLil^l o-UAi jLtj ^ J- 5 W 

declaration aab 
begin w 



end 
aab = 



w 



jl Jii^ jj L 2 = { a n b nI c n d nl | nl >= 1 and n >= 1 } jlj- t J&> 
^Iwbj L^j I -US' ^« abed Ojj^ ^ 1* jl> j ^ l.c— j ^ji* 
^1 4jLl« jLj jj|.c^*>l ^>l^> d L b (jUjl ^sCj j I ^>l^> c 1 a jl ^sCj 

j a jljj jc* l>si)l ji.-LiLi jjl^j 4j jj ^>l ^>-l ^ j-s 1^jL« I il-bOi Li ^1^0 L> <u jj 

jialjL nl j n 1 j> 4j i«jfl-> j-5 <^^* ^^j^- 1 Ij b 

iljjtj (jl ^jl> (jl ^4 \j C j d J (j*** _^S" jJaj j2 -Ll»«A iS^JJJ 

:cJsj> Jo! ji U 4jjj ^1 ^Ij^-I y LfJUjS' jT 

del procl(a,a,a) 
del proc2( b,b ) 



Call procl(c,c,c) 
Call proc2( d,d ) 



n 



4ii j jlj ji* jl Jii**** jj L3 = { a b c | n >— 1 } <jlj — T ^Jl^o 

4jLl« jlj jjIjj c , b , a il-u; L^jT j-> x£ ^ xSy a + b + c + 

( Underlined Word) jlal ojls. a-i^ Ja>- L^T ^j ^ & j LIT ^l*-* 

L> ) a^tS j» <*_JLp 4j *uiS' jT (_gU iljjw 4j jT JLJJj j oJLi 
Read 4^*^ jjo ^» <_jI>- " _ " jiS'ljis' ^I-Uj jU-A 4j (j^*— j ( Backspace 
^jl jj c j Backspace ^ijiT b , Jsj^ a 1 L 3 jlj jj. 
.-uT ^ jjjj \j Underlined oLUS' jlj olst'T jlal " _ " ^1 jlT 

C .,,**■ I O-Li l»Jflj jJJ ' " 'J J-."' ^ Lj jlj (Jit* (jl ^**J.-U****A (j*- 4 j\ ^JJLl*.^ j (JjS 

IV = { wcw R I w is in (a I b )* } 
S -> aSa I bSb | c 

I j c-l jl Jii*~« jj L 2 ' = { a n b n c nl d nl | n >= 1 and nl >= 1 } jlj 



s- 


■> AB 




A- 


-> aAb 


ab 


B- 


+ cBd 


cd 



j I ~lJ ji ja\ £ j ^ji* jl JyiL**^ jj L3' — { a b I n > — 1 } jlj ^l>cjl ^ j 

• l >— j^j ^jy^i 

S -> aSb I ab 



rv 



^1 Aj.^-^S' o^Lii^l jLiJl (_^La ^1 jS'Lo jl |»_Jl jj ^» yj ^J^j (_£La j^j^i ^ (S^ ji 

^1 d5sj 4JHjj-p y<s La j-^jIj js.^S" ^» \j Jliol <_£La ^1 jS'lo y>l jS* 
aJL L ^ L j <C\j\j £S\ J> La ^IjS'bi jjI ^La <_£La t_^>-^j. *-*jta JU&I 
AjLij jJ <_£.i jjj ji ^JjJL* <o 4JL»L» Lj <^La 4J Jjj^l? jl JLiJl.JLLiLi 

A jjlJU AjL)L j^p <^*«s*- ji Li jjj jl JLiol j^.C—^l oJJm o-IaLL* > ..>»>-^ L J^U^ 

JjL IjLjI j^I £ d£> ^1 ^Lo iUtil ^Ijj.-LiL ^ A <_£l^> (_gl <u jj ^1 j»-l ^3 ^Jji* 4j 

.wLjS' ^yL^j cJL>- d£l> j £j cJL>- d5l> 

C-JL>- 4j £j ^Jo cJL>- jl j?~j> A — > X1X2. . .X m ^ jk Aj o-U-IS jA Ji ~^ 
•(*t A ' 5 LT 4 X1X2. . .X m (^U La 4J <j j ^ ^ 




rA 



( Non-Recursion Predictive Parsing ) ^^ZfjljJ: 4&^Lj 4ij3u ^ -T 

^j-^j J jjl>. 4j J jjb- dSC j ( Parse Stack ) jLI d£> jl <u j>j 

4ii j J^Li tjijjj ylo-s ^ ^ e^lii^l ( Parsing Table ) 





a 


+ 


b $ 



X < 



Y 




input 



-► Output 



d£ A jT ji 4^ I M [ A , a ] 



jjj & iSj^r Token j ejLI ^Vl; X <_r"jk cr^jk J' f J* 

lj tjd*j ' y j tJsJb- ojLJl (jVL. jl lj X -Lib X — a ^ $ ^1 -Y 

(_£ j>sJ ^Ua^- d5sj ~US\J C-JJjUa* a L j -Uil> 4JI>Ij X jS'l.-US' ^« C-jl>j3 



.iw— ^1 0.31.3 



^ -US' ^ ja M [ X , a ] <ul>- <u <uU^> ~uil> ^ll^p d5C X ^\ -V 

Ojj-^s j3.C— I ^b*" L> J ^jb A — > ABC ^ j3 Aj <_£l o-IpIS ojL-i \j jl 

-US' ^ ojUl 3jlj lj ABC jT (^l>tj j <3JL>- ojLjl jl lj X , J jl 
JU- M [ X , a ] *;i>. aSCjj^. j3.3 jly ojUl ^VL A £ 



Follow 3 First ^jfy 1 ♦ -T 

^ 3li^l Follow j First ^l^U <u jl Jj-^ j^ ^ ^1^ 

jl AS* *"l 4jU L j^J>t* First(a) 

A^Jjj^a j3.~U j-S' ^4 CL jl 0U-4 1 ^-l> 4*}^ <jj Sr^?" **— 

First ^u*. obi j3.3^ jlaI j>- First(a) jj>- J^o £ Ojj-^jI j3 a => s 

jL d5C 3 jj^ j3 ^ O-Ui 0.313 jj 

.3 j^J 4^*<l>s^ jj La First 'ip j^>s» jl ^« j I tlSCftS' L (j^J 33 ^ ^» 

dSC L 4Jll d5C jl'IjJ ^ X )3j^i ^ J^p y_ j Ojj^ First(X) £ Iju ^1^. 

: ( juib 4JLL 

First(X) = {X} Oj^T j3 jlal M d5C X /l 
^ 4iL^I First(X) 4j Ij £ JLAL y.1^ j3 X — > £ I oOpli I -Y 



jlSiL ^ j>- y y>\ £ j$ X — > YiY2 • • • Yk ^ o upli ^S"l -V 
4aU»l First(X) 4j !j ( £ ^l^u First(y!) ) First(yi) - s 

4sU»l First(X) a, jj lj First(y 2 ) - £ , yi => £ ^Jj^jj.*-^ ^ 

^ <uJl>- J js owU-li ji» jl First(X) jisLi j IS* Ojj-^jI ^ cr* 

^ First(X) 4, lj First(y 3 ) - £ , 

Ai , First(yi) A&y>^ y^s> £ <£jT I* jlI ^ obi jjUT jlT ^J.^Jljsl 
4* jj lj First(y k ) jui y k _! =>* £ tZLjjj^ j^.-LilJ 1 <= i <= k 

4iL^I First(X) 

.Uj^^j ^Jij lj ^jj j^l ^ Jll* jl <0 

A^aB 
B -> Cb | d 

C^£|C 

First(A) = {a} , First(B) = { c,b,d } , First(C) = {£ , c } 

obi jji;T I j y_ j JUpI ( I ^LL^ d5C A ) Follow(A) 
: ^ ^iJ 4iL^I Follow(A) 
( C—l y-l^f fjjZ C^kc- S ).^-Ai j\J Follow(S) ji lj $ 

First(P) ji ^ *i£b X — > aAp 

.^^T ^ asU>\ Follow(A) As^y^ ( £ jl jju ) jjb jly 

^yij (_gl oUpli <SsjT L j 4lib X — > OtA ^yi> (_gl oJlpli ^5*1 T 

4j I j jjb jl y Folio w(X) j^4>-yfc,p=>*£ jX-> aAp 

^ asI^I Follow(A) 

I j*J\j ^Ji) j.5 lj ji j j^l jS" (Jlia (jl 4j 

1 E->TE' 



1 1 



2-3 E' — ► + T E' | s 

4 T^FT' 

5-6 T' ->*FT | s 

7-8 F — > ( E ) | id 



Follow <_£U 


First (_gU 


Follow(E) ={),$} 
Follow(T) ={ + ,),$} 
Follow(F) = {*, + ,$,)} 
Follow(E') ={),$} 
Follower) ={ + ,),$} 


First(E) = { ( , id } 
First(T) = { ( , id } 
First(F) = { ( , id } 
First(E') = { 8 , + } 
First(T') = { 8 , * } 



.^_j»s^ ^yi ^»l>tJl I j V j Y ^l^aJi y\ £ A — > (X Cjjj^oj o-IpIS yk (jl^j 

M [ A , a] ^ a, lj A — > a oOpIS 0J L^ , First(a) jj a ajII ^ -Y 

(^U *;i>. ji lj A — > a ojipli ojL-i c-Ab ij^j First(a) j:> s I -V 
.p*** ^ jj b C Follow(A) 4j M [ A , b ] 



id ( ) 



+ 



E 


1 






1 






E' 




2 






3 


3 


T 


4 






4 






r 




6 


5 




6 


6 


F 


8 






7 







£0 



^y>^ \j id + id * id OjLp Jj^s J j-l>- jl o^lii^-l l JU- 









$E 


id + id * id $ 


E^TE 


$E'T 


id + id * id $ 


T — > F T 


$ F T' F 


id + id * id $ 


F^id 


$ E' T' id 


id + id * id $ 




$E' r 


+ id * id $ 


T'^s 


$E' 


+ id * id $ 


E'^ + TE 1 


$E'T + 


+ id * id $ 




$E'T 


id * id $ 


T^FT' 


$ E' r F 


id * id $ 


F^id 


$ E' T' id 


id * id $ 




$ e' r 


* id$ 


r p ^ * p r p | 


$E'T'F* 


*id$ 


F^id 


$ E' r f 


id$ 




$ E' T' id 


id$ 




$E' r 


$ 




$E' 


$ 


E' ->6 


$ 


$ 





£1 



LL(1) 

L j dSo^ ^U^l^ Jj-^~ •i^i' cS'^ ^Jj jl 4^Ljjj^s> 

.JJb jS" LL(1) Ij a!s> ja\ £ _Lil> o~lplS ojU-i d5sj 

I/- JUL. 

1-2 S^iEtSS'|a 
3-4 S'^eS|s 
5 E^b 



S 
S' 

E 



i t a e b $ 



1 




2 














3,4 




4 










5 





jl y oo^li o jU-i jT 4jij»w J jo*- M[S',e] 4Jt>- I y_j J LL(1) y.1 £ y\ 



Jb jT 4j j>J J jJb- Ul>- 4^ ^»jV y>l jS* d^j j> LL(1) 4j ji^> ^ <j\ j 

OjL*j.i {_g**Jjl Ij j-*l j^" ij^^ ^L(l) (jl (^j^ J-> j->J -^1 j-*-" (^s^J^r! I 



■T A -> a | (3 



LL(l)^l/ 



First(P) D First(a) = $ 
.jl^T aJy Ij £ 4ii j P j a (_$U 4ii j jl jiTlJb- .Y 

First(P) D Follow(A) = 4)0^1^ a=>*£ /l r 



1 




E- 


-> T E' 


2- 


3 


E'- 


-> + T E' | e 


4 




T- 




5- 


6 


r- 


-> * F T' | e 


7- 


8 


F- 


-(E)|id 



j E aJII^p l><jT jl.*^ ^ ^ j3 ja\^ tj\ ji I j LL(1) Jajl 

: E' 4Jl>lj j^p ijj^ j^.jJjIjj aj (^jU Jb'jb ojpli L^Jj T 

First(+TE') = { + } , First(s) = {s} , { £ } Pi { + } = $ 
First(+TE') = { + } , Follow(E') ={$,)} , { + } fl {$,)}=* 

First(*FT') = { * } , First(s) = {s} , { £ } fl { * } = 4> 
First(*FT') = { * } , Follow(T') = { $,),+ } , { * } H { $,),+ } = * 

First((E)) = { ( } , First(id) = { id } , { ( } fl { id } = $ 

-I LL(l) r l/liJ 



S^ietSS'|a 
S' -> e S | s 
E^b 

/I c-l First(S') £ aS^T <0 4s>- jfi b 
.C--t»J LL(1) j^l ^S" ^1 -Li -Lai j>- ^j&stZ** 

First(eS) = { e } , Follow(S') = { e,$ } , { e,$ } Pi { e } + $ 

j'i (/ 'j M/i' ji--^"^ LL(1) diil 4iib ^ u> y>! ^5* 

ijj.zj' Ji-tJ LL(1) j>\ £ ± <^ jl ^j^jjg^ 3 srr Jsi^ 



LL(1) 4i j3« ,j^3j t^Pci ^Ua^- ^Ub ^J>$j ) ) -T 

'. jl -LjjLp LL(1) 4-> j>=J j2 cilil^l Jjli (_^l!a>- (^Lg-^jj <j> j^^-fr* jl 

Panic Mode ^jj • 
Phrase Level ^jj • 

4JL L L aS" i j^i oib ^ya-is-XJ <_£ j>*j ^Ua^ dS\j ^JUj LL(1) ^ jj j.i L? iS' jjkj 

a ^ y 3 A ojlJl (_^VL) 4Jl>ljj-p Li Li j -uSCj jj- JaJ iSj^t y ^ °j^>l t5^l-> 

.jiai jy- M [ A , a ] 
dSC Jjo»- ^l^- dSC <u 4*>-l y. L £\ Panic Mode 

j*3>za U<ipl jl (_5^-> 4j ^ -US' ^« t^sSs- <CJmj jl jXaj I UjLj j>sj (_gl!a>- 

y% (jljl <b Panic Mode ^jj j^ -u-y Synchronizing 

jiT.i ^ 4^^f ji Synchronizing dSC y.1 j a aJUL^ 

Synchronizing apj*^. ^UjoI <u .^st^o jj Panic Mode 

C'.o..»>3 <_Js«i>- Oj-X) -Ul jl> 4j j>eJ (J-o-^ 45" .3 j^i (j-***' L^l ^ 4j JjL AP j\»J>t* ^jjL.ijI.i 
4P J-«^s-« (j^S ^5" ^Jij ji , i w^oLa <_jl>eljl d5sJ.~lA.i <ul.il .i j>- jlS" 4j (^-ijjj Jl j 

^1 L.C— ^"1 4JLL jJ* jl Synchronizing A^y^ jlj^ <o ^'ll ^ y> Follow 
^l^.c— J ^15" Synchronizing ^ i^j Follow / jj 

^1 4j Ij JLZ~j (_gLAiL>J jl jj i j-S\j Oj j^<s iS^3J3 ji <S j^-*5" ^Js«i>- I 

4P 4j jj Ij La 4jl>lj FirSt J-*>«-« jl JJ *>\l«.^jJ3l <P y*S^-» 

L r3j ijj^ ojp^ jl olj^ 4j.^ jjsl L^'T Synchronizing 

: Jb jX jJii j^ Ij y.1 jf LL(1) ji Panic Mode 

1 E->TE' 
2-3 E'^ + TE'|s 
4 T^FT' 



£1 



5-6 T' ->*FT | £ 
7-8 F — > ( E ) | id 

J* I^jT Synchronizing aj Ij U aJLLjjp Follow 

" S " Ji* j^jli^ L U 4JL»L» Follow J^Lla <ij><^ J j^>- j 

^1 JjO*- ji\ *>-^ I j jJ> y> Synchronizing <pj^»«^ 





id 


+ 




( 


) 


$ 


E 


1 






1 


S 


s 


E' 




2 






3 


3 


T 


4 


S 




4 


S 


S 


T 




6 


5 




6 


6 


F 


8 


S 


S 


7 


S 


S 



Ojj^ LL(1) p=ijj^l j- 5 Panic Mode ^Ji$j 4* lk> ^ 

i^jjo- ojLJl i^Ml 4jLLi -U^i J^Jaj lS^JJJ k j^' _ ^ 



( Bottom-Up Parsing ) Vb 4* ^*>b 4j jstf )X - T 

( Shift - Reduce ) ^is' - jisssi j> 3J ± *, jJl <oj>j JiT ^ jj d£ 

41<Sij jl aS* < ^jI 4j.i jji ^« J""^ clc^ *i ^dj 5 ?^ o^^" u*JJ Cf^ j^- 1 *!^! 

1 j i_Jj 4j j S" Jlp I La ^ J, jl ^ j—^ C-wS^-j^ C-^L* j 0.3 £j jJi> 

4^Jl>-ji C-^xl la JjjUaa C>^j^ (j-^k ^ *^ iS ' J^-> ^— ■•" 

1 S -> aABe 
2-3 A -> Abe I b 
4 B^d 



14 2 3 

S => aABe => aAde => aAbcde => abbede 

rm rm rm rm 

( Ij 4j ^_~>- jl ) 1,4,2,3 Ojj^aj j^l jS' jp| jS (_g jSj\£L> y jT ji ^ 





0~lplS OjUwJi 










S 




aABe 


\ 


aABe 


f 


d 


f 


aAde 


r 


Abe 


Y 


aAbcde 


Y 


b 


r 


abbede 





j.5 t jXJfclS' jl *JL>- ji.C— ^1 413 jS" <L>jy^> U ... i ^j^S' j) C».^J^ ^jXJfclS' ^jjl 

lJsj^j 4jI j! Aj <ul.il ji.-Libj o^Lil^l jl ^^aIS' (^I^J o-lpli ^IjS* jl J 

• ^ J Jl ,5 ^i (_s^ ^ jr^k ^ j"J*^ ^ -^bJjl 

d5C jl c~J ^ y d5C jl ^^-i^ : ( Phrase ) CjjLc 

..5 i > j**a>t*a OjLp dSC P y j U j.5 (Jll« jl 4j._Lil> o»U I 

S => aAy => aPy 

dSC c-I ^'jU : ( Simple Phrase ) ©aL> OjL: 

.C— *"l oiLo OjLp d5\J P j) j la Jlia jl 4j.~Lil> 

S => aAy => aPy 

c^>- c~J C$1 <oL- o jLp : ( Handle ) © 

aSL'UjT jl 4^ 41*ili jj.C— ^"1 0j-^l**O d^j P jj j Jli* ji.-Lili o~Li ~lJ 

(_gl 4j L> lj jji- C^^lj o C^l ^ ^Jfl^ C^^lj la L> 4jfljlj j.5 o jOsl^i 

o j^C^jjS <JL^*\j o ■ ■" jjj ^jXo L«j (^I^J X jl jjj Jli* j.5 ^j-^jjfc 4j.C. <«..< 

S => aAx => apx 

o jSCjj^S d5\J L^JJ Vl> 4j (j-jlj 4jJ>ej jl j.3 ~LiL> d5vlS' o^lil**<l ja\ ^ jS*l 

Ia ^Ui jl ^Jzju C-^xl ^^<i-« d5sJiS' j^l jS* d^j jl o^Lil^l Oj ^^J.ijli i J 5 !"^ 

1-4 E^E + E|E*E|(E)|id 

as-z^ j Ij Ja~o id + id * id 4Ji*r>- ^l^ I ^ j' 

4j j^jLoJ&.i j-i ^4 oili jLU <ul.il la ji i J*"J jr^k ^ j?^ J' 5 



0\ 



E => E + E 

=> E + E * E 

=> E + E* id 

=> E + id * id 

=> id + id * id 



E => E * E 
=> E * id 
=> E + E * id 
=> E + id * id 
=> id + id * id 



ojLJI &j jl edl&J I ^L&IT- Jl&Jf 4i jsp ^J>$j ^jLj ©alj If -T 

.55 jS* ^ 5jlj " $ " dSC 

C—^l <L>jy^> <*J 4jj>eJ 4^>jl>- C-~jt*J>j.Juyjj (j-^J^i <Ujl>- J 4j 4^1)1 L j ii ^5"" 

.ijb jl ji I oJj^ ^S" ojUl 5jl j 4jj>J j5 aS' " $ " 

J^p.^l ^ JLa^l ojLJl ^Vl 4. j 1 : ( Shift ) Jl&il - \ 

.5 05I5 ^s^>cJ^i ojLJl (_gVl> j5 o j^i*«o & JjL ^ubl ^ Jliol 

jl o j&^s.c^ I ojj. y>Ui o jLjI (jl o _^-o : ( Reduce ) ^Jj*^ -Y 

jl lj aS' tj\ o-Uli C— AjLL jS- j I j <3-L>- ojLJl t^VL) 

.5 ojLJl 5jIj C».^l o j*S\li»0 Jjjlla* 

.x£ ^ ^>UI I j 4jj>j j^T oil j-jL : ( Accept ) ^S^iJi J^J -V 
j <ob jj^i^j I j ^ j>j ^Ua^- d5C : ( Error ) Ua^- { jsup&i -f 



I ji j <zjjj^sj ( jXjklS' — JliJl id id * id ^y^a £ jl <> 







OwL^ 


q> 


iAj-iA%iA<£ 

id + id id q> 


id JleJl 


0> 1Q 


+ id id q> 


E — >■ id cr^^ 


q> li 


+ id Id q> 


+ JUbl 


q> Ji + 


id id q> 


id JUol 


q> Ji + 1Q 


id q> 


n — > ia <JL^ ^ 


$E + E 


*id$ 




$E + E * 


id$ 


id Jl&l 


$ E + E * id 


$ 


E — > id 4^ cA*^ 


$E + E * E 


$ 


E — > E*E 


$E + E 


$ 


E — > E+E aJL,^ ^A*^ 


$E 


$ 


Accept 



-US' jj y. t^^°j ( j J ^' 5 ( jijbl5' <^l^> -*->L) 4S' o~IpIS * jUoI — Y 

^ oif ( Reduce / Reduce Conflict) " J»-U " 



: jj -Uljj" ^ J>-lJJ £jj" cr iAlS'— Jliol ^ jL 
: ( Shift / Reduce Conflict ) J*\f - JlSsif 

: ( Reduce / Reduce Conflict ) ^p&lT - ^p&lf Jb-f jo -X 

-Lai j>- <^JJ Jj>-I-Li 4j* j^JjI -Lib i j>- y> ( jZJt>\£' i«L~£>- o-Lfrli d5C jl ^^Lw ) jS'l 



Stmt — > if expr then Stmt 

if expr then Stmt else Stmt 
other 

ojLjI ^VL. " if expr then Stmt " 3 " else " ^jU- £y x£ j> } 

Jjl o~IpIS Jl oilii^l Li JJl ^« j^jL , ojUl C->.*.<s?j 4j a>- jj L>.~LiL> j\ Ji 

j2 j eib jLol ojUl 4j Ij (^jU- jjS* jj I-LjI JL'Ijj ^yi ^J<s j JlAi ^U>eJ| ^j^aIS' J^P 

.wlA^ ^»1>bJ| Ij ^LaIS* J-o-P O-lC-IS Jl Oilil^l L) i ^La jUj 

; Uj j-^j jJaJ Ij jjj j^I ^S'.j.jS' 4^- jj" ^-jj ( Jl>-Iuj Jl ^Li* JL>- 

1-2 Stmt — ► id ( Parameter-list ) | Expr := Expr 

3-4 Parameter-list — ► Parameter-list , Parameter | Parameter 

5 Parameter — ► id 

6-7 Expr — > id ( Expr-list ) | id 

8-9 Expr-list — ► Expr-list , Expr | Expr 

y>\ jS' 6 o-IpIS j La 4->jj ^1 j>-I jj '^-^'r - j-°I j^" (j- 1 ! 1 ojL«-<i owLpIS 
A (I, J)" iS^JJJ jl <_s*"* eJ ^1 ^ j9.C—k»I La 4j|jl 4j 4jo»-I jA i^JSL^a jj 

^ Jjjl; " id(id,id) " 

Ojj-^aj iS^JJJ o-LiL*-sL) aS' *jjI-5 jl j5 ^ij?^ jl {Jh?^3 J"* j 1 (j^?^* - ^ 15 £ 

Jl cJL>- ^jI ji.JLil oJLi yoli? ojLJl ^VL. " id(id " 4i^j^jJ j " ,id)...$ " 



Jj>-Iuj d5C (^j^X 7 j 5 wU-l ji ) i j^j oilii^l &\ j> " id " t ^*l£' J-*^ o^LpIS 

jl JjL JLSiL A jS'l j 5 oJpli jl JjLj -Lib d5sj A aS' ^jj^> ji.ijb 

j La 4jLzJ JjJj>- 4j 4*>-l Li JjLi j-i oilil^l ( jXJbl5' (J-o-^ ji 7 

L) ijj>-^> £3y> £jjj*0iAjz jjm ju&l j-*>jt 4j " procid " iS^t^ cfi ' y 
t>J ^jy. b " ( " jij j "j^ 1 J 3 ^ c—JlS' J>-la; cw>j 

7 ojL»^i odpli Jl j 5 ojL>-Ji o~IpIS jl j^ojL -Lib procid aS" ' y 

1 Stmt — > procid( Parameter-list) 



on 



( Operator-Precedence Parsing ) j^JLox - p j& Jojsp ^J>$j )& - T 

: -Lib j olw? & 1£ y>\ £ ' ' j ^o> c j«f 

.JJL«ilJ jjls^a 4jL> Ij jJz j2 <j I jl 0-lplS C—^lj C-'.o.-*' J.3 .Y 

E — > EAE o-ipli Ij I yj c~~J ^SsJl^p ^1 ^ d5C ^ j ^1 ^ Jlt« jl y& <o 

.ijli jjl>t* 4-»L>lj j^P 

E EAE | (E) | -E | id 
A — > + | - 1 * | / 1 t 

E -> E+E | E-E | E*E | E/E | E|E | (E) | -E | id 

.-Lil> ^SCL>p j^l ^ d£j UjLi j^I ^S" & ^"1 ^1 ^ o^tai^l 

£k>£. - ^jl ^J>$j vjUo 

^I.C— ^"1 yj ^jbta csljl' 5 (jL-x I iSj^ 0,5 W C-jj^ j-J^ ^S\JL*p — ^-liiji 

'. jl JJojLp * jbt* 

I jl jlji; 4^ UJjb ^ j*- j <_£U ^1 ^ ijb 4^ ^ U Cji j~b»^ JJi 4j - ^ 

o J 5' o^lii^l LgJl ^1^ 

4j ) JJJ jlila ^-lib cSt^ ^ ( minUS) ' — ' -UiL ^Lflsjjjl^l 2jy> -Y 

.-US' ^ jlT jA ( binary I c~J unary iSol 

Jjljlj lj (_£ ^IaUs^- jl i^J*- j{ C— ^1 (j^o- 4 ^^J.C— J (^J^ 3,5 j'-^*r iJ^JJ ~^ 

jj j Ojj-*2j j j^l <_^Ia 4jL L LgJJ ^-Lflj Jailjj ^Vjj I ji.ii ^S' ^» o^Lsl**il 

+ < * ojUojb ^ b jl a 4jL»L» lj** a < b -\ 



oV 



id > * jluIo jb b ajii jl a ^jju a > b -V 

c—l (j^o-* ^J^* jl. b > a cJ jS' jl I jl jijj a < b 4k>lj ^S^jI 

a!sj\j j2 4jb L <Sol Li j JJLiLi 41*i|ju Li Ij ^Jtaj aJsjIj 'Uo ^jjl jl d5v-^Jfc 4jL( Ij j.i 

j^.C—^l LL(1) j^*<jL jbs^-L»< 4jLx^ *}blS' ^S\JL*p — ^-lib ^J^jj j-^jk jL^-L»< 
45* C— «l ^Li^j j^jIj ,_jU^I 4aJ C— "I o-Li o^b jLxJ j> j ( J^->i aS* jh>-L«i ^jjl 

o j-«>0 j' J (c* C-sLiji jJL^-l jl Ij .5 j>- iS^jjj i^fi j\s iiS\j jl 

^2* oilil^l 4jj>J J^p Cul-U fj\ j <Uj>«J Jj-b>- dSC jl j OLp*>U?I 

.C— <<l $ C— J^Li -lais 

(_jLa 4jI>- jJ J jJb- J*-b ji.ijb j J jJa^- ( $ C~«*>lp ^i?L>- 4j ) d5C 

J j Jb- (_gU 4jL>- ^jOAa j ^jb jly — L j > , < (jU jl J jJb- 



ai 






b 




a n 


$ 



Stack 



1 




OA 



j (3) ojUl aJ L» \j jjVLi jl o^lil**<l L> (j-^jii jl j* (j-^jk ^'■'j! <j*JJ Cf^ J-> 
Jj-b>- (j-oJUl jljlP <u ( .ijl-U (^f^-y ojL>l cS^L> aJLLjjP <u ) (b) (^jl*- J^jj 

Ijiil j-xjIj -Lil> 3 ^ b Ojj-^j ^ y 3 ojLjl <^Vl> 4JU L ^S'l — ^ 

^y JLiJl ojUl 4j Ij b (£j\>- ^ y crt^ 3 ^ 
Jaia j^jb -LiL> 3 = b C^jj^oj i^$j^>- ^ y j ojlJl <_£Vl> 4jl>L 4Jajlj ^S'l — Y 

.-Ui .y JU&I ojUl 4j Ij iSj^>- ^ y 
JukP j-^jLi -Lib 3 ^ b Ojj-^sj <^jL>- (jS' j ojLJl (^VU aJLj ^lajlj ^5*1 —V 

4j Ij i jj ^y (j-J^ J^-flj I ojUl J^-li J.S jlSol ^^.JUsi ^y Ij { J^^ 

C—^l ojLil (_^VLi j «*}Lp \ ( j— (La 41*ij 0j-^l*O , -^-"j; C^'Ap (j-Jjl 

J^*p ^L>aJl t^lj; j-^jk- ( y^~3 ^~>jy^> ^ jjj 4Jlj oj*>1*j ) 

j\j 4jl>b j-ji O I 4j J ^Js«i>- ojlJl jl Ij o-Li |j-o o j-^1*«0 ( jXJfclS' 

J jJs>- jl ^JL»p — ^-lib ^Jj ji ).-US' ^y ojLJl ^jIj ( N ) 

-9 ^J-^ 1 <J^ cSji^ j- 4 ' j^ lS^ ^IjjP u£ j^i 15 j- 4 ' £ iSjJ J' ^j^ 
J^Lo ^yj ^^^Mjo.i j^J coli^l ^ jj aJLL ^^p jl jljj" ^y IgJ I w iS^i 
(.C-^l oJj^ jS* j>sj (_^LAl!a>- jl ,y>-j; i^jLzS" ji (j^jj (jjl ciiw i«1*pL) 
^Lk^- -LiL; oilUJ (_gl 4k>lj (^jU- iS^JJJ ^ cS^k j^' _ ^ 

.Jjl j>- ^y I ^3 Ij Ua>- ^*iL^I 4j jj j^ojL j C—^l j>sJ 

^ ^« I ^,y>> J j-^- jl o^ii^l l> id + id * id 4iij 4j j^j 4j JLt* jl <u JL>- 

ji ^Ul 4j 4j j>eJ (jL'-l j-* J 4j j>eji J J ~b»- . -US' 4*- jj (_£ ^-J>- OljLp d5\lS' 

jjj 413 jS' Ojj^<s ( jXJolS' J-o-*' (^^* J^.C— --I o-U I -Uj 4>ti^3 <^L* 

^ —"I a-Li a-LJuS' Ja>- a jJOi 

E^E+T | T 
j_ > j*p | p 

F->(E) | id 
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+ * ( ) id $ 
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id 
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1 - l 




1 1. i -i i 

o-U* j****-'' UP 




id + id * id $ 


iH <T II *-"l 


$ < id 


+ id * id $ 




$E 


+ id * id $ 


+ j <Jl&| 


$E< + 


id * id $ 


id j < ju&i 


$ E < + < id 


*id$ 


E — > id <JL^- -Lasts' 


$E< + E 


*id$ 




$E< + E< * 


id$ 


id j < Jl&l 


$E< + E<*<id 


$ 


E — > id <JL^- y ( _r Jli ^' 


$E<+E<*E 


$ 


E — > E*E ( _ r LastS' 


$E< + E 


$ 


E — > E+E aJL,^ ^A*^ 


$E 


$ 





fj& ^ — 1 A — r 

Firstterm(A) = { a | A => aa or A => Baa } 
Lastterm(A) = { a | A => aa or A => aaB } 



a = b iff 3 U — > . . . ab. . . or U — > . . . aWb. . . 
a < b iff 3U^...aW... and bC Firstterm(W) 
a > b iff 3 U -> . . . Wb. . . and a G Lastterm(W) 

.c— I 4JLL dSC W 4^ 

E^E + T | T 

j > T * F | F 

F — > ( E ) | id 

J^U- ^ JUpI y.1 jji ^LLjjp (jjj ^ !j Lastterm 3 Firstterm £\ 

Firstterm(E) = { + ,*,(, id } 
Firstterm(T) ={*,(, id } 
Firstterm(F) = { ( , id } 

Lastterm(E) ={ + ,*,), id } 
Lastterm(T) ={*,), id } 
Lastterm(F) = { ) , id } 

n^$s$ 

.^S' ^yi 4iUi>l y>\ £ As^ C*-xl j^ljS' ^jj-i C~a*>lp S j ~b ~b>- 4jL I j^P d^j N jT 
4j (_gjL*J 4jflj|j -Li (jl VL) j.3 aS' ^SaS- — ^Jjlj i^Jfljjbu Aj A>- y L) JL>- 

4S' (_£_b_b>- oJpli ^9 ^5* ^lai (J^3 yil ^S* ji.Jb I ^yi «Jb Jb>! ^3 ^Jj 1 . ^ ( _s^'' 5 ^ 

4*-jj. ( = ) j$ = $ : ijb i t£jbJ> aLjIj ^5* ^-a asUsI $ ^1?1>sj 

jl *>\la._blO ^^-J La Aj " ( " j " ) " <k)lj ijj^ ^"iUsI ^Jfc ( — ) JLib 4l£>b 

• ) = ( ^ l> — £ y l?^* <ji' 

d£j 4^ -jO ^ ^ J>\^ ^LaJ JLJ-i 4j jT (-Jbyw 4> L , < Ja>ljj jal (jl^j 

" ( " j^ljS' jjjl oJIpIS *>\la. -bib jZ" j\ ji 4JLL j^P d5>o C^w AjLiLi 



4P y±>u* j^£p 

j " ( " jji «S! j j.s.c~*l jly^ ( < b ^ j& jj^I Firstterm(E) 

( Jajl jj aS' ci £ ia ^ > jljj j' 5 es*^-^-— °' j' Firstterm(E) Lapl 4*Jb 

Jfijljj ^jL- jljj ^ k-^J jj J;-*-* I jl ( < id , ( < ( , ( < * , < + 

d5sj £ ^» ja\ £ (.^^ JbJ.5 4j j I i_Jflj jxl Aj 4>- Li , > Jajljj jj^^ L^'j! 

" ) , y>\^ jjI "-^^ J 15 413^ j ly 4jLL ^J; d5C Ij (JUw 4JL L 

4P jv*>t* j\*2P 

j " ) " js* *^>)j oe 1 <f 1 j j'y^ a > ) ^ai; 4klj a^L Lastterm(E) 
Jajl jj aS' cJ jS' oIjj ^ l>sii! ^^^j.c— I jl Lastterm(E) Ua^l <ua 

J^ljj ^jL- j\y J ^>J<i 4j.C— I jl jijJ id>)j )>),*>),+>) 

ji (_S^^*" <J >s ^ - ' 5 ^! j 3 *- j->j Ojj\*a> ci j^s j-^j^" ^-Laj Jajljj Jj_b>- C-jL^J ji 

id l id u^i ^.jUjIju Ij 4jbb_ jO 45* ^1 (j I ^SsJLzJ JjJj>- 

i j^J _bJ jj aJLw>- ^ j2 jljJ L? j- 4 ^ j^" o^LflI**<l L <tS" (^g**- 4 (jl-L> <jJ l.ijl-b" 

^jjl 4jbb_ jO <1>^J^ JjW*- 4 J_*^"" kf«*»l J 15 j-^NJ j\ j3 |»-* JjW*- 4 id J 15 <-5 1 J 15 ^ 

45' iL) 41ail.3 4*- j^.-LiL) 4jL)Ij d^J L^J I ( j-J 4^1)1 L) j -UJiL) jjU^a Lfl-9i L) 45* C-^xl 

4^ ijlJJ jliOl ijb i j ^Ssl*p yil jLp-I ji (_g jj 4S' C-j^ j-l>«^ JJi 4j 

jjU^. 4Jl I j I JlUj^ jJf jJ Ojj-^jI 4^ -Lib 4lib jl jS 4Jl I 4jbb 



+ 



id 
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id 
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<. 
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A^LzSj Jjl.3 jJm ^ 03I3 i yaJ>J£ <_£ j2*j (_gll2>- dSvj j3 Aj <j*JJ (jjl j3 

(_gVl> o j-^i*»o aS* j -LilJ <^j^- iS^JJJ J (^*^^ 4jbb <-5^ 4^b 

J J^f (J^ - ^ ^1 ^SCij^kj pjijlJLS' ^» Ua>- ^%^s> I 

E — > E + T I T : Ju jS^> Jaj j3 lj ^jj ^1 ^S' <u j^j jl <o 

T -> (E) I id 



id 



+ 



$ < 


< 


ei 
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) e 2 
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id e 2 


e 2 
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< 




e 3 
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+ < 
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> 



v^r b " 

iS^JjJ " ^L*-i j !s«i>- ojLjl (_^VL) Jl Ij " ( " <jl>li '. c3 • 



nr 



U 4> y L j -US' ^ ( -L\*il> 4l*il.3 Ojlij C— j.3 

( . . . — > aEc) Ojj-^ <_$l oJipls j -Lib aNbc e ^^SCi^o jl^" u j> j s'^j> 

OjL)I j.3 l^J I (J^s- 4 L^Jj J -Ujl-U ^gl-oJbl 4jJ>ej J-5 AjLLj-P ^S' ^j)l>sJl 

Illegal " b " on line .... 
abEdc 

; -Li -Lai j»- j^Utf jjj ^ULj -Lib 

Missing " d " on line .... 

j o j&^>s abc jl^T ^ y Jit* jl^>j.-LiL 4jb 

Oj ^alsLj jj-L^? Ojj-^ii Ij^.-LiLi jS' jl o-ipli C— o **> aEbc 
^ dSC ^jlT lyj-c-J " Missing " E " on line . . . 

Missing Operand on line .... 



o j^>-$ 4j <_£jLt <• -X^S" o2\JlZm\ C-J y^j\ — ^SsJLkP (_^La o-UlS' 4jJ>eji jl 45* jL Lais' 

j^i ^jlJiS* jS" t -UjLJ ^ ^r^' •51^*1 *j tj L (_gU iLJ g j f Cj^3 jl 

a<b a lf>f(a)<g(bM 
a = b«lfybf(a) = g(b)-Y 
a>b e lfybf(a)>g(b)-r 

g(b) j f(a) ^.iJip (j ^>\1a \a^> y July ^ b jj jl l5 <ji' ^ ^ 
g(b) j f(a) 4T^U i 4> J ;o jjl (r) b j (Y) t ) t^U cJL- jl ^ I .jial ^ 

4j U c Ua>- (^jL-x jlSs-i I ^UIjj jl-liia .-Lib j\ Ji j) t -Ul^jfc (_£ jj^LLo 

t £ C-jb jS<^>$ ^Jj 2 yt> ^A C— ^1 J>-J^ ( j^*IS' aS' ^Lj Ua>- (j^s ^S" 



( JUL. 
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id 
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4 
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6 





g 
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5 





5 






^ jL f(id) > g(id) £ jlal 4i£b 4>-y . f(*) < g(id) 3 * < id t Jb. ^ 

UU id > id ijb 



■ C*.^"! jJ j J Ji Aj i. ~U_<il> Oib .5 J^~J 
IC-j j^jl l >^-« s "" b-*' J 

. juUj il^l I $ 1 dSC a y> (jl^ lj ga j fa iUj - ^ 
jS'l aS' ^gi^i 4j -US' |»_w«*iiji oj jS' ilUjJ 4j Ij o-Li ^1>sjI (_^La iLJ — Y 

^SCow* -j_wilj 4iib 4s>- .~u j£ ^» j\ j3 oj jS' gbjfa Ojj^ ^1 a = b 

o j d5C jul fc jfa elSCl c=b ja=b £\ JH* <ji^ .aiii 

olSoT C=dt jT ^ o ^I.Jb'jb jl y gb o j ^ jLa l$j'T <_£j.i y<s \ ji j t JJ jl 

..LiL oil jj ^ j*- j a=d ^l ,^3- ju'jb j\ jS d5C gd jfa 

Y <dL>- ^ oJLi il>«jl t^l* o j ^ td)T (_gU o £ £ J^S~ iU«jl eSjb Cf>- <Jsl jS* -V 

a>b fa oj^f <ugb oj^f jl <J dSC oi^jLa<b ^l b ja y> <jl^ 

fa ;l _ 

jjI fa <.gb jl dSCiJLil g(b) jl Jbb fa c— I ^ gb ^ 

.j^l f(a) jl jlL g(b) & 1 

fa oj £ jl C— ^1 (_g ^ y jh J ^1? c f(a) -Lib oiljj ^ j>-j 
jb jl y jT ga I ujAjjS' jl ga jI-lL. ^ ^ 
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id 
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j f$ ^S* l>sj I jl . Jjjli .3 .^jl Cf l^^'^jl*^ ^ J*"J °JJ^ j^" tlr" ^ J 15 

1 J> ^Ijb g+ jl <yj J^jb f($)=g($)=Oca; J U ^r 3J >- & g$ 
ijjjb ij^j f$ jg+ j f+j g* jf* 4j gid jl dSC . g(+)=l jjI^Uc^I 

:jl Jul OjLp ^>«^ c> ^Jjl £j' y -§(id) = 5 odL^ 
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id 
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2 
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4 





g 


1 
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5 







^ijj ^1 jl o^Lal*»<l ^« i__aj La 4jLiIj laflfl Jail jj ^1 ^S^s- — ^Jjl> 

4jj*J jl^ip 4j.i^Jsj^) Ij La y>l Jl (^jaJf coL- ^-liLi 

^X*s- — ^jJsj >»J9*^>- ^> o^L*< ^JjL> £ L>sJ I jl.C'..«,..J jL>s^ jjJL*«jl 

C—^lj o aS* |»_>jli C-j .Sj-lst* L>tl)l |»j JjLi JjLiJ La 4JL>Lj-p 

( J>-|JJ La ^Ji jl ^Ji*j Ojj-^aiil I jjj ~LiL> jL*^j JjLJ ^\ o~IpIS 

^gl^oL) 4jJ>eji Jj_b>- (_^La 4jL>- j.3 4^ ^J^~J J^La C-J.3j~l>t* dS\J L^Jijj ^ I 

<uJl..i ^« o^Lil^l ^Jjjj 4jLj Ja^ljj jl OLJLkP C^jIJJo |*"* o^L-o ^.-lib j-5 
i^Jflj ^jj ( $ j 4j\_> Lj j^p j 4jL)lj ) j^l jS' ^JlS* ^j^i Jailjj ^jjl o^Lo ^>-Lflj j j 

4jL>L iljjj (J^^" ilJl*J 4j C—^l ^J- 4 O^L-o ^J^J 4jJ>eJ (Jj-l>-.^ jji 

( $ C~4*>U jl?L^ ) dSC j*>Uj ^1 ^ (^La AJll^Ji j La 
4^ i jJm o^Lii^l T3.il j HCcld (^L^Li Li ^Ijj jl o^Lo ^-liji Ji>ljj (j—*' 

: ( I j^l j5* ^!>Lp Jl (_gl 4p j^>4 L^J I J^L?- j ^S* 

Head(U)= { X | U => Xa } 
Tail(U)= {X|uiaX} 

I Jj yZ> ^4 i^Jflj jij C^jj^sj oiL-x ^-Lflj Jajljj (3 ^Li jl o^Lil**<l Li 

X = Y iff 3U^...XY... 

X<Y iff 3U^...XA... and Y £ Head(A) 

X>Y iff 3U^...AB... and X £ Tail(A) 

and Y £ Head(B) or Y=B 



'. >X) j*S\j jOj j.5 Ij ji j ja\ jS" Jlia ijl J-*& 4j 

S^(SS) 
S^c 

4flU? I j^l jS" JIpI jS <b N — > $ S $ ^ jib oJpli Idlil ^SsJLp — ^-lib Jj JJoU 

Jail j-i 4^ ^S" ^ jS JlJi 4j Jji ^S" 1>J I aS* j^jJIjj J^Ua^ u"?" 0,5 j^" 

Jj_b>- Cjjyj2J (jj j3 Jll* ■ijj-* J^ (jjl J-^sl>-. L»J Jj-L^ l^J I ijj^ j.5 (jj3 0(1jjUj 

Jfijljj , jS>Sa£- — ^-LflJ Jailjj jl o.iL«i ^jJb Jailjj d5v-S\Jij (_£l^>..3j> -Iftl j>- jjj 4j j»*j 
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s 
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) 




(V) 


(>) 







C 















O^Lj f>J& ^Ji^j 4i *ljsp pJj^&l ) — \ 9 — X 

ojLJl (_gVl> j~&^& j b iSj^t y jl o^\Jc^m\ Li 4jj>ej jl ^jS j.3 j^ojL ^1 ji 
^j^j Oj j-^> j jS* <o j>ej Jj_b>- aj ( -LiLi 4Jl> L jJz- Li 4Jl> L »Gl Jj ^» £ ) X 

X (<) b <jl>jj*&j iSj^r ^ y j °j^l iS^^i «*>Ip <daj|j ^Jijj^a A 
j (<) C~^*>Ip IJLjl ijj^ ji.JLAi Ij JliJl J^p j—j^ JLi»L 

.-US' ^ J^-< °J V Ij b <_£j^- (jS* (J"^ 

Jgga j-^jk X b Ojj-^i JJjj- 4 j^sLS' aJsjIj 4^ ^jy^> ji .Y 

.JjO ^ JU&I ejL'l <^Vl> 4j Ij (^jl>- jS* jj 

^l>«jl Ij (J^^ j-^jk -^l"' X (^) b CLjjj^sj a!sj\j a£j>jj*s> ji T 

j^ojIj.C-^xI (^ylLw«*ilp (j-Jjl ojUI 41*ij 0j-S\l*«O C-Jl>- ^1 ji.-Lfti 

jl ^j~j ) ojUI (^VU j-^p jf\.x^ 0jJL>- ojLJl t^VU jl Ij o jSz^z \Jii\ 



jT jl \j ojpli ^_^>- j Top lj ( o jSz^z i_jd>- 

\j Top j Lhs ^ 4k>lj ^jIj Lhs -US' ^ oilii^l ( _ r tj»»lS' c^>- 

\Ji>\ jL ~Uil> Top (<) Lhs O Lhs j Top iklj l • 

.JUS' ^yi ojLJl ijl j I j LhS (j-^ j(<)Cw4*>Ip 

Jaia j^jl -Lib Top (=) Lhs Ojj-^ Lhs j Top £\ • 

.-US' ^ o jUI lj Lhs 

eib (J _p<J ^Ua^- dS\j JU^l 41^!JL) ikjjj Lhs j Top jS'l • 

..3 j^i oJJl ^9 Ua>- ^yL*?\ ^gl~oL) j 

<£lZ>\jj b i_$j\>- iS^JJJ J ^ °J^' ^ (J'JJ* 9 

..3 

£j <L^kf- S ) $S o jLJl J^-ta j $ jjS* y ^ ijfj j-p 

^4 lj 4j J>eJ J-^ I »JL ■ < 03 (j^^i J-^jk oJJla ( j^l 

o^Lj p^ASi ,j^3j ^gd y* c**»>b 3 t5<s »-^> oMCLo f - \ 9 — T 

o~IpIS ilS\j Jjl o-lpli j I ^S* -UiL> jjj Ojj-^i ^-jt^j j^l jS' -IpI els' 

;ijb ^ y^j y J ^ jl£> U <ul> \j j X ^j-j C— ^1 ^ jS' i_> 

U^U ... 
V-> ... xU ... 

X ©U , X©U 

d5C W jT 4^ ^S' ^ Jjdj y_j o jj-^ lj oplji JSCl^ jj| J>- fj\ j, 
U^U ... 

v-> ... xw ... 



V \ 



x©w , x©u 

u-> ... u 
v-> ... ux ... 

u-> ... u 
v-> ... wx ... 

(c(cc)) <dL^>- 

: x^Z 



OjLjl 




0-Li f \^ 


$ 


(c(cc))$ 




$<( 


c(cc))$ 




$<(<c 


(cc))$ 


S ^ c aJLwc*! ^j^jfcis' 


$<(S 


(c c ) ) $ 




$<(S<( 


c))$ 




$<(S<(<c 


))$ 


S ^ C ^> t jXjfclS' 


$<(S<(S 


))$ 




$<(S<(S<c 


))$ 


S ^ C 4jLwc« ^> ^j^jfclS' 


$<(S<(S S 


))$ 




$<(S<(S s 


)$ 


S — > (SS) aL^jj ( _r Jli ^' 


$<(S s 


)$ 




$<(SS) 


$ 


S — > (SS) <JL^^ ( _r Jli ^' 


$s 


$ 


jib 

» » 



: LR 4j j3« iS^3J 



1 . SLR ( Simple LR ) 

2. LALR ( Look Ahead LR ) 

3. CLR( Canonical LR) 



Yacc jljal ^ ^ jju.-u^ d5C*5' LR jl ^ xjljj ^ & ajjb 



vr 



Input 


ai 














a. 




a n 


$ 



Sm-1 



X 



m-l 



So 



LR Parsing Program 



-► Output 



action 



goto 



Stack 

4iib ij( S0X1S1X2S2 ... X m S m , ajai+i ... a n $ ) ^-u^sC JU- ^1 

(_^VLi C' j ojLiwJi 45* -LiL) 413 ^S" j! ^5 4jJ>bj jl LR j^ojL 4S0I j»-~^lj 

action [ S m , a^ ] 4jl>- 4j j^j\j Jl*- <jjl ( jjl^>L>..-Lil> a^ <^jl*- ^jS* 3 

I -Lai ^« jjj C-JU- 4-« jl JLiU ,_^l>" aJU" ^jjl jS'l -US' ^4 ^J^J 

1. Shift 2. Reduce A — > a 3. Accept 

jsJb- jjj 4iij jl aj o jjK^ol j' 5 action [ S m , aj ] = Shifts ^5*1 

o j-S* ^« o l S c->».y?j (j^?**' j ^ j^ 1 Push , Stack 4j j o-Li 
J^p Ojj^T ji jiai action [ S m , aj ] = Reduce A — > a £\ -Y 



J' J 



( SqX 1 S 1 X 2 S2 



i»j ^ ^1><JI lj c _ r i&l5' 
an $ ) 



X m S m , ajaj+i 



Si 



o ( S0X1S1X2S2 ... X m _ r S m _ r AS , 3.j3.j+i ... a n $ ) ^jjj^SCj 4j 
S = goto [ S m . r , A ] , r = |a| -> a 

iljjj 4j r 4^ jlaI j>- 2r ojl juI 4j Stack jl oJLi <j9^>- j>- ^I-^j <vl^^ 
c-^a j» jCi <u ^ jl J*p o jj-^l JLib action [ S m ,ai ] = accept f\ -t 

,<L-*»\ 419 jjjj ^l>tjl (_£j~* I 

Jb~ jjI I eib £j <j ij^- J 1 ^ action [ S m ,ai ] p\ 

.iy. ^ j^iiy-iy ji v, 1 ^ *tJj 
j jj'IS Ja*- jj* ( reduce ) J-*p ^ ? J j^r r n j' jj^- 4 : -^j' y 
sjL. ■ j vi^j ojUk-i n 45* ^1 Shift L> (Jlijl (^g-*- 1 S n jl j c»^l n ojUm^ 

. -LiL> 

1 ) E — > E + T : -^j^Ssj jJaj lj ^j j ja\ £ — Jli« 

2) E^T 

3) T^T*F 

4) T^F 

5) F-(E) 

6) F^id 



State 


id 


+ 


* 


( 


) 


$ 


E 


T 


F 





s 5 






s 4 






1 


2 


3 


1 




s 6 








acc 








2 




r 2 


s 7 




r 2 


r 2 








3 




U 


r 4 




r 4 


r 4 








4 


s 5 






s 4 






8 


2 


3 


5 






r 6 




r 6 










6 


s 5 






s 4 








9 


3 


7 


s 5 






s 4 










10 


8 




s 6 






Sn 










9 




ri 


s 7 




ri 


ri 








10 




r 3 






r 3 










11 




r 5 


r 5 




r 5 


r 5 









Vo 



State 


Input 


Action 





id*id+id $ 


Shift 


0id5 


*id+id $ 


Reduce by F — > id 


0F3 


*id+id $ 


Reduce by T — > F 


0T2 


*id+id $ 


Shift 


0T2*7 


id+id $ 


Shift 


0T2*7id5 


+id$ 


Reduce by F — > id 


0T2*7F10 


+id$ 


Reduce by T — > T*F 


0T2 


+id$ 


Reduce by E — > T 


0E1 


+id$ 


Shift 


0E1+6 


id$ 


Shift 


0El+6id5 


$ 


Reduce by F — > id 


0E1+6F3 


$ 


Reduce by T — > F 


0E1+6T9 


$ 


E^E+T 


OE1 


$ 


Accept 



: SLR(l) JiJc>- 

( Simple LR) SLR^jj iSj^ o,5 W j' <_r"jj J> LR jL« 

j.5 4^ I y»l jl o-ipli dSC LR(0) ^joT dSC 
^io.jLiL 4iib ^ _^>- j point L ^i^? ^ U- c-«*>Ip jT lj 

(_£ Jj jl jl A > XyZ p-^t 4lib j J^-i 4j (_gl o-U-li ^5*1 

I ^JJ I C—^-b I j jj j |»Jj I 4 (j I 

A — > .xyz 
A — > x.yz 
A — > xy.z 
A — > xyz. 

A — > . U paj ifj A — > s b £ oOpli I .Y 



-Lib y\ £ d5C (jU -juT jl ap^*^. d5C I ^1 : Closure( I ) \J>ijxs 

dSC jj jT & ^ ( I ) jb^o lj Closure( I ) 

'. 5 ^ ^jZj L>-o Ij jj j ^ Jj jO (^s^*"^ ^ <j I <U*«U>t* cSljJ J C-^xIa 

. ^Jijii ^ Closure ( I ) 4. Ij jjb I jj ^ -\ 
dSC B — > 8 j ^1 4iib I ji A — > a. Bp JSCi <u <jl ojipIS yf I -Y 

.rf-f Ijsl I 4j Ij B > .8 o-lpli olSsJl -Lib ^| ^S* jl o-lP-lfl 

: SLR Jl&Jf ff b d ^ j 

JliJl ^>l jS'lo d5sj ^givwoLi LR is'^^'jj ^ c5^j! ^ (^jj^U-a 

: ^jj JaIj>- ^ j jSs^i <u SLR(l) J^jj s jy j^l jjA-s jS* p-^j 



I j>\ ^ <£j j£> <JL~»*A& S jT aS' S' — >.S Ji^i 4j (jl oJpli IjLoI 

dSC y.1 yf jjI <i.f~£ 4»W .1 Jba>- nonterminal d£> S' j 

.^-Zjfi oijjil y>l ^ 

jj j 4-> ^ |t-^> I |t-w^l> Ii C-Jl>- ji ^JS" jj^sj l> Io C-JU- j^ 

.ijb ^ j*- j ~Lil> aJL> L Li 4JL)Ij d5C -UljJ ^ X l^J I j^ aS* Jil 

Ai ^ (XlXP! 

A 2 -> a 2 .Xp 2 
A n a n .Xp n 

( jU<aL4 Ij 4j X >-j> L ^iLa Ja**i jj Ij Ij jl jlw« Ij Jj~b»- C'.>».y^j j J.* I i ^ 

|»_0 (jLfl^-* X C— «*>lp jl -Uj 4j Ij <d2Jt) OljLp ^UJfc ji 4^1)1 jl J |*-jLj 

Ij |t->Ai ^y 4^bl Ij (J-*^ (jjl J-li! I J jJ ^jJ-b.C-J jS' |»^ftl j>- jl ji (_^Jj J^- C'->».^3J J.3 



vv 



1-2 E — ► E + T | T 
3-4 T^T*F|F 
5-6 F — > ( E ) | id 



16 19 




( 



: SLR(l) ff f b a jf 4> j» 4g? 

: action 

jj^-o action[I,a] ^jj^ J ■^^3 ^ I ^—^^j J' & iS-'jjj ^ j^' ^ 

^ jly ij Shift J 

a G jA <_£ljl 4j Ojj^jI j.i j»-^L> 4^b A — > OL ^^oT I CJU- ji _^l .Y-^ 

action[I,a] = reduce A — > a jj Ij jjfJu jipIS oj L^ I 4Jt>- Follow(A) 

I cJU~ ji jTl .YM 
^ jly Accept action[I,$] 

.ib jl y jl j~* Ua>- jl^nj Ij < J^'^ action (j-t^ (J^" J' 5 -f - ^ 

: goto <j-^ (I) JLi jj .Y 

L) ^S"l 4^ |»^' ^ J'** ^ >• Jj-^ J' gOtO (j-^>^) jS* cS'j! 

p-JO ^ j\ J Ij J jlOio g0t0[I,A] <bl>- J.5 ^JJ^ J CJb~ <U I CJU- jl A ^lljf 

.goto[I,A] = J^ 



: JUL. 



E^E + T I T 

T^TF 

F — > F * I a I b 








+ 


$ 


a 


b 


E 


T 


F 















1 


2 




1 




s 3 


acc 












2 




r 2 




s 6 


s 5 






4 


3 














8 




4 


s 7 




r 3 












5 


r 6 


re 




re 


r 6 








6 


r 5 


r 5 






r 5 








7 


U 


r 4 


r 4 


U 










8 




ri 


ri 


s 6 


s 5 






4 



Follow(T) ={$, + , a , b } 
Follow(F) ={*,$,+, a, b} 
Follow(E) ={$, + } 

SLR(l) r l/ 



A > 



S' -> .s 

1 S^L = R 

2 S^R 

3 L^*R 

4 L^id 

5 R^L 




A \ 



State 


= 




id 


$ 


L 


R 


S 







s 4 


s 5 




2 


3 


1 


1 








acc 








2 


S 6 /r 5 






r 5 








3 








r 2 








4 




s 4 


s 5 




8 


7 




5 


r 4 






r 4 








6 




s 4 


s 5 




8 


9 




7 


r 3 














8 


r 5 






r 5 








9 








ri 









: LALR 3 CLR 4>j» pf/ 8 ba 

jil ^.c—l CLR ^ I jTbi jl LALR ^ I /l* ^ ^ J, 3J 

j LR(O) ^jjT dSC jl J5Cii« k_j ^ jl jjLp LR(1) pi>J d5C 

4P j^>«-« J LA 4P ^kjlj.^-JO ^» (j^Uj ( A — > d.B(3 , LA ) 

: I jij j£i aj A (_gU uLl^p ^Follow 

LA € Follow(A) 

|»Jjj^^Jl 4jLx^ ULs.5 LR(1) (_gl^Jt)lj i^J^^I ^JJ* j\ZL»*J 4^«<U>t* ^Jjj^^Jl 

4^jU>- [ A — > a . B p , {a} ] ^j^. .c— I LR(0) *aT a^U^. 

d£ B — ► S 

[ B -> .S , {b} ] bG First(Pa) 



AY 



: CLR ft /b d 42)^ 

o-U-IS 4^ Ojlij ^! Li I SLR ^! ^S'Li 4jLL« ULi.i CLR ^1 jS'lo 

LR(1) jl^lj [S' ->.S,$] 



: JUL. 



1 S^CC 

2,3 C -> cC | d 

a=$ First(Pa) = First($) 

B=S {$} 

a=s S CC 

S'=A [ S .CC,$ ] [C->.cC,c|d] 

P=s A — > a.B(3,a 



S'- 


-> .s,$ 


s- 


+ .cc,$ 


c- 


■+ .cC,c|d 


c- 


- .d,c|d 




: CLR(l) J 3 ^ JX^ 

& Ojlij ^1 L c— . -I SLR(l) Jj-^ j^Ua^ liii CLR(l) Jj-^ 

cJ jJI *^L> 4i£>b [ A — > ot . , {b} ] ^ ji 4j (^^jT ^s*l I <l~*j> j l>siil 
u^l ^ ^jki ^ jlji Ij Reduce A — > a jji^o jUi action[I,b] 

.^j-f ^ U Follow jl 



State 


c 


d 


$ 


S 


C 





s 3 


s 4 




1 


2 


1 






acc 






2 


s 6 


s 7 






5 


3 


s 3 


s 4 






8 


4 












5 






ri 






6 


s 6 


s 7 






9 


7 












8 


r 2 


r 2 








9 






r 2 







A £ 



^ J* ji C~**J>j <jU ^ ^Lo ^U3-l jSLi <o lj LgiT ^ ^^Lkj j pJLJ ^ 



J» 3,6 J 8,9 j 7,4 
















l? 4 JL»*I tj ^- J l Jt 3 <-£^ 






c 


d 


$ 


s 


C 















1 


2 






1 






acc 










2 










5 






36 




7 






89 






47 


* j 














5 






ri 

1 










89 


T2 




r 2 












j ~Lil> CLR (_£ j^l jS' ^S'l 












LALR y>\ £ ci £ jl -^Lj 


jl LALR 4j y>^ J jo*- ^ 




1 ^ jls-L LALR Jj jlal CLR f f\ 
















^SC« ~iao ( _ r tj<slS' — JU&I J^-I-Ij cJ j LALR Jj-b>- : 
















.-LiU CLR jl ja\ £ 


















S -> ( SS ) 




Head(s) 


= {(,c} 


S^c 




Tail(s) 




{),c 


} 


X = Y 


iff 


3 U 




XY ... 




X < Y 


iff 


3 U 




XA ... 


and YCHead(A) 


X > Y 


iff 


3 U 




AB ... 


and XCTail(A) 














and Y G Head(B) or Y = B 




S 


$ 


( 


) 




c 




S 






< 




< 




$ 






< 




< 




( 






< 




< 




) 




> 


> 


> 


> 




c 




> 


> 


> 


> 












An 







^_ip| & ^ysJ>j^ action aii ^jL* <o ^-xi jjiiu <u -Li* 

jlSCal oIj £ jUj jjI ji L; .-li~a 4jLl« action J j-i>- jl j .il-uj* 

45* C-Jl>- ^Ijj I* jS" ojLil .C— >ili -IaI j>- ^ -dials- ji 4*- jj* JjIS ^ y>- A3 

^jjl Olp*}U?l 4j ^1**0 jjjila 4j . -JJUS^ OjLil 4jLL« jl^a 4j C-Ujli 4jLL« action 

(.^Al ^ C— ~J l» Aj\j\j .il-Uj" Jl ^uS' -1>-I J d£l> 17 J^i i-lP d5C AjLiLi y<s 4j C4j|j I 

CJU- (^IjJ jS' ojLil jl-lila 45* ^yl^s- 4 jl Ojlflj* jl 4j Ij .i-lp ^jj I J 

action J**-* 1 o-Li oili C-Jl>- d5C ^Ijj .|»—A.i jl j£ o^lil-ol .ijj\* c-LS' ^^aisJl-a 

^« c— *o 4j cC-Jb- jl ^Ijj jS" ojLil J^s- 4 jl -L*-> (J**-* i i l* j. 

.JbT 

J-«-£ ^jj I .-b I C— 4j -US' 4j J>kj JjLi* -Uljj JLLmJ IjIS' C j I ^> oj*>lp 

^jj J^Li C-~J (_gl . jl I ^ -b cJU- y» ^Uaction <_£l^> J d$C ^l>«jl Ij 
jbMjj ^ cJU- d5C (jl^ action y J jlai* .-Lil ^ (action t -ull ^lj) 
4j .|»-Ai jl y Ij any <_£ ^uis' C— ^1 ^jSC*-* ^JL» U d5C <_£l>- <u j j j-S' jl y c-~J <^^l 
action ^1 cc— *«l o-lxj c-jI> ~J j^ j J^I5' \j t^$j\>- is-'jjj j^' ^ ls**^ 

jl J-s I-Uj Ia U2>- ^1 .-U j-i ^jj j^j l?-rcduCC Li j d5sj ji ji^— i ^g^-l j^v-> 

.-Li -UaI j>- jl^Ji I JliJl i.l-S' j>- 

IJj j-^j ^ik! ji Ij j) j 4j j>eJ Jj-ls; ^Jl** 



j^i-^i Ij 0,4,6,7 (_$u cJU jl action -LoLj 4^jJ a^j y \ ^ J*; 

lil^ ^jXo Uw jjj C-i J jw? 4j ^gl^-J L jljj Ij La j I 4^Jfc .-Cili 4jLt-4 

id S5 
( S4 
any Error 



AV 



4jLx^ ^i^J yj \ cJl>- 

+ S6 
$ Acc 
any Error 

* S7 
any R2 

+ S6 
) Sll 
any Error 

* S7 
any Rl 

JL»j ^-a ^Jij 4j LI O (^jlJlS* •iS' C~~J jl e.ilil*>l L jljj ^ jJ lj gOtO Jj~^- 

I j IT A JUL 

gotof^jl*- cJL- t A ]=c5-u. cJL- :<jJjla^ jLu 

.-Lib ^y 

f Jjo^ jl goto 

^> F 4j J^^j O j^L* . 

■Juj^j j-S I j J-i Jllo <u j>J J jJb (Jl^O 



AA 



V V 

any r 

9 \ 

any Y 

f A 

any \ 



^jlsw 4» iSjt^i c*T^> 3 ^nt^i' 3' calami 

: action 

E **** E+E | E*E |(E) | id 

E E+T |T 
T T*F | F 
F (E) | id 

T , T F (_gU jJ L> (jiAlS* (3 j-^> lj cS^j j^j j- 4 '^ o-iuS' 

.Uj Loo 

r \/ (jl^ lj LR(0) ^Ultem <pj^»^ y j j£i 



M 



E **** E+E | E*E |(E) | id 
^ jlxJ o JLi A&\j>\ jT 4j E E & 



15: 

E E* .E 
E .E+E 
E .E*E 
E .(E) 
E .id 



10 : 

.E 

E .E+E 
E .E*E 
E .(E) 
E .id 



16: 

E (E.) 
E E.+E 
E E.*E 



II: 

E. 

E E.+E 
E E.*E 



17: 


12: 


E E+E. 


E (.E) 


E E.+E 


E .E+E 


E E.*E 


E .E*E 




E .(E) 


18: 


E .id 


E E*E. 




E E.+E 


13: 


E E.*E 


E id. 


16: 


14: 


E (E). 


E E+.E 



E .E+E 
E .E*E 
E .(E) 
E .id 



^ oJy lj U ^^ib; jjl 18 j 17 <uLl« cJU- .-Li jlaI j»- ^UcjI action j^>. 



O-Li ib>sjl ^fiSllJ Oibll^l 4jj>eJ dj~b>- ib>ejl ji SLR <jijj jl 

ji ji yn * j + l^j j J J*- Jjli * j + L Jlol j E E+E L c jijhl5' 17 Ja*- 

i^^jjj ciL Oj^> jiU action ^1 jji j* y \ yt> .Ju jb jl y folio w(E) 

.-Li jllaI j>- ^1 j>- 1 y #j+ ^Ia 
4iij ji 4^ j ^L*- ^ j-^^j*^ h id+id*id ji jjj Jli« jly 
4iib Cj^JjI 4j * -LJi' ^ y .^->jb *id$ (jijjj j 0E1+4E7 
jT Jb jUid j * L ^J^£ i$\ j> j -US' J-i^- 4 Ij * JbL o-LuS' 4j j>J c-LiL 

(_£j*>- jLaJfc J t-L*i ^l>sjl SLR O-LUS' 4jj>eji 45* C—^l (_£j->- jloJfc ^ I .ij^i oil* I 

* jl Ji VL) ^jJ jl + jS'l .-L*i y pb>t>l C> jJjl -^Ssi*P o-LuS' 4j j>J 4$* I 

C*) j5jl (j->l j> L°J •■ib -L*l j>- ( jXJfcl5' E 4j Ij E+E O-LUS' 4j j>ej c-Lib 4l£li 
^isljj 4j J^>- AS* ijL» ^4 ^yaisJ^a i ^3 4j j^as^ji j ji? 4j C-Lib ^4 < > jl -bt> 4S" 

.jii jjfcly- Js v cjV * I Jb&l j E E+E I j^tf ^ 4jij»w action 
^^k. ^jb y jl tJLiL ji jjj jl 4j id+id+id jIjJL> ^JJi ji jjj (_gU- 4j ^1 
0E1+4E7 id+id 

ib -Ul j>- i j>- j ^^15*— jLol (j^iLj 17 cJb>- ji bJL>«^ + jjj L .ijj JL*I j>- 

( Ji>- -b L) 4j j^>- ^isljJ ^jJ I 45* i J-ftl j>- ^ya>s-X-4 "t" j^JLvP jj C-.S' j^i Jl>- 4j 

-Ulj^ E4.E+E ^lAlT t^^s^s action -Lib 4iib ^_*>- t5jj-Li cS + jS*l jjo 

JbL + (_gi jjj L> action tV cJU- ji iJLib oib jjj-L C-i' + -L-^ ^ y 

y-Lu CjjJjI * 4^ -l^T ^ js j <.-LiL E E+E L Jl*€ 
.ijj jlaI j>- JLol * jijjj u v cJU j^action 

t-Lib + jl Ji (j I Cj jijl J ^jb lS j* j-^ 1 ^ -bj5' ^5 4jLX-« j ji? 4j 

Ij E E*E L ^iaIS' J^p jbb t action ji A cJU 4^ c— I Jjli 4^j ^,1 

jl j3 41.XJ ji ^Uj JaAS CJL>- <jJ I 4^ ^ I J Jjbi ^L>t)l * j + Ji jjj ji y<s jljl 4j 

* 4^ C*-xl JjI jT JJi t +L 4jfij|j ji .JLbiL 4llj jVL ibj 4— E*E 4^ i ^S' ^ 

.-bib * (-_»>- jyjj cS' cJLp *ijj^ ji aS* (Jb*- ji tijb + jl yVb ^ jJ jl 



: jl,T ^ i 4i y_ j j£i LR <uj>J Jj-b>- <_^jj jjjl obi L 





id 


+ 


* 


( 


) 


$ 


E 





S3 






S2 






1 


1 


S4 


S5 








acc 




2 


S3 






S2 






6 


3 




R4 


R4 




R4 


R4 




4 


S3 






S2 






8 


5 


S3 






S2 






8 


6 




S4 


S5 




S9 






7 




Rl 


S5 




Rl 


Rl 




8 




R2 


R2 




R2 


R2 




9 




R3 


R3 




R3 


R3 





. .3.3 jS" ^4 j>el^>- iLaJ Jj_b>- t 3 ^4 C-jL) 4-*ljjJ (j^ 4 j3 L?*^ J"* • -^^J (_5^ 

C-ib J jJb- j3 3 j>- ja (_gU L; Akjlj j3 (JJb Jb>- OUMlsl L (JJb JL>- ^>U iS* ^ISOs 

. Jj L»J ^0 (J_J_b>- t 3 J\*i 

J Jj Jj>- (_^U o3jlj J3 ju>J 4sLs>l 4S" ijL*i ^J<sl y Ij jlSC«l ^1 JjLi 3LJ J jJb- ^-lyliO 
45* iUj Jj_b»- ^J-jlSC* J3 . 3 j-S* ^btJl -La I jlS* O Jjw? 4j 3 °^J^J i£ J s ^^ mS T' 
j\ iiS\J jA . JlJm\j ^Jti j.3 Jj_b»- j J 25 *" C..»>J C C—^l o»Li 4jIjI (j-t^sJ (jjl j3 

^ i^'jy <L^>\ y>- j3 & j o^jlj n j^jjil C-^- ^jV jbj cS^- 4 j! ^* 

awe- 4j e j n aS' j 1*1 . -Lil> ^> C-^L* ^y ^* <j ' 0^ j-^^- 1 J 25 *" i >^-~~^- jS" 
I Ij (jy^ L5 db^' ^j- 5 • <s* u^*^ Lsdb^ ^ ^ ^ j'y y^ 

4j jO <0 SL>\ jj j3 jA . JJLft-Lw« 4j|jl JLZ~J (_g[*Ji3 J ^-y*> y jJ iJL .11*3 

Ij 3LJ Jj._b»- ojljjl ( JjL«IS' (jUj j^ ^jjl Oj ji uJl ji> 45* C—^l J—iL« jL Lais' <^lj| 

c JJoLi C-jIj iUu (_)j_b»- ojlUJl » jLLwalS' (j^ 1 y ji ^S'l . Jjb2 ^jZj\js\ Lju Ojjv' 4j 
fljbl Ij 

j| t^^xlLal) ^gjzxi (^lj| J jjj jLw~o Ia ^ljj| J*^^ C5^jj (_S^"^ ojlJJl i^y^T ( _j-> I . 



aS' ijlJJ jjJ U oijl j J^-i l> * Jli . I j^pl t iUJ J jJb- j.s cOjl j y<s 

. ^jl^ ^^c^j j I jl oiLii**/l 4j c jj o-Li o oLp*>U?I I jjj c -Lib C->>-l ^i^j 
o^L t c*-xl ^JaaL?- ^1 ji« oLiS' jl (j\ 4JL0 J^Li aS' ^.ijjS'j jl <u jUIjJ ^ oijl j 

^S" ojLil d5\J L^JJ J JJ j\*i (_£j|j^S\j (Jj_b»- oijlj jpljl ^J^>-j.i ^S" C»**>l jJ t^^xlla ^l! 4j 

4j IwLol L £~liS' Obis' . ~U jJi ^> ^UJ JjJb- 4j ^Ji jliu (_^U jL»j oIp*>U?I 
iLJ Jj-^j^ Ij ^jl j l3j j*- jl (^1 4JL0 t (_g ^S" J-i>=j • -*-> j-^ J 

_u L i -b UJ jli> I Ij ^ j>- jlS* j*i £ J-i^ I J' l£ ^-iS" obis' t ^ji jj Iji 
obis' jlS' i y»-J> j2 <_£ j*5 jS* J^i^ jS*l c JjLS- 4 j^ • -U-iL> -cJol.5 ^ y?3 Jj-^ 
. ~Lil> (^j-o-* dj~^~ j^ L^jIjj^*" 4j (^jLJ c ^« ^ys->s-xJ Ij o-Li jjjj (^-^-iS' 
uj jJi ^jlj Jj-^ c^-^-iS' oLiS' ^S* C— --I ^J*^ c-uSCi jjjj Ij (_g-LiS' oUiS' jl>j ^5*1 
. ijb ^ jj>- j t 5-LiS' ^uiS' jl yj> aj I^jT oiUk^l jlSC«l aS" jIjlIa I L> 

^Ls-a^-l j I 4j JjljJ ^ iUJ Jj-l*- jl (jl oi jlj t ^jvi O^jj ^ ^j^flj aS" ^al^lA 
C-jWs jj^Ul* tl*9 ^S* jl ^3 jL*>2 ji j I Aj -]s> jjjA Olp*>U?l <S\1)I ^i>s^ <b j i jJi oili 



1£ 



: Cjjj^s> 4j C j*>UI Jli* 
<«Jdl->) 

Int x; 

Struct x { float y , z ;} 

( j^i>-ji . JjLoj ^9 ^Jt* uJLs L> jb>-L*i d5C jl ^> jJca (jl i*-* Ij x 

Jj-l>- ijjS'j . UJli _^^» o-LuS' 4jJ>=j 4-> I j ^Li JaJis ( ^Li (j I o-La.5 J-^LxJ C-Jt! 4j ^S" 
.i-Lfr d5C jl _»1P 4j X L ^^SC . -Li JL*I j>- I X (jl^j iUJ Jj Jl>- j-S oijl _j ( cJftJl - ^ ) 

. ~U J^i ^4 ^J^J ^ ' -LUiL) C^l ^^^4-4 LA j*}^l 4j ^C^xLj J.5 OLL^3 

^I^jL) t ^ j-S' ^ jlj5 (l) <*Jaaj j-5 L$Jl JLJi 4j aS" Xi^jt, ^Aa ^uoLui i^JLpI t U ^_^>-^> 



1o 
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c 3 o^li ^^sl^ai^-l ^UJ JjJj>- o ^jlj <_g jS' ojLil t^g\ Uis Jails ^S'l 



& £ J^L?- jLU*i?l L7 ^ J-^ J^-S ~*->L> j I 0-UA.i Jw^CxJ J-aLS' CJJ C (_gl^> 

JL>- jA Aj . ~U j^i Ja-j ^UJ (Jj_b»- jl ^jjS'j dS\j 4j ^l! j I ( _£La.3^>jLS' ^L»J 



c C-ib -Ul j>- ^Ua^-I U 4j I ^>-l jLj 4^ <_£L» jlSC« 4j -b^>j^ OLp*>U?I 

(jlSC« ^5* ^b Ij «jL>-l ^1 jJLo-uol c »LiL> ^JLo^-ol <jL>j is-l* 

UjLi ^ j I ^»L«J . ^W^' b *l y <• o jS'U jS - (_$U ^>U AiisU- 

(_^La 0.3b i^JdjjbOi ~lJ j iUJ Jj_b>- t .3 jS" ^L>«jl ^Li^j <^l^> ^JL*^! jS" j_J jl 

CjU Ijl. dSC aj -US' jJj; Jbb jLULf I j aT ^1 

.ijj jiC jbV 

C~*S j» j -U j^i jl> lj>«^ Ojj^s> 4j COMMON <j\a dS'jL JLt« ^l^. 

COMMON dS'jl ^Ijil 4, c^J La 
. ^ ^yai^ JbL t -U jb jl y jT ^COMMON dS'jL ^lo^l a> c-*J U 



HA 



As^-j ^A 4j t <U9b ^ysUal^-l 'US' L L$j I 4]fiSl>- aS* ^Lfc ^ Li ^Jajlj 



I o»Li o.il.3 jLxJ jjj (J^-^ 4^ 



available 



idl 



infol 



id2 
info2 



idn 



infon 



eilil^l L$j I L> JaJ ^ OLp*>U?I j La o j~>-i ^ y. 4 J^^t* ^tj ' tlr 1 -^" L> 4jIj I d5sj jl 

ojlil (^JL*^ ^ t ^> C-4*>U available £ ojlil L> 4jIjT <^Lpl C. <*2 y 



U*l Lt 



11 



OLLkP t iLj (Jj_b»- ^Li (jlsLi j ^Li <^l^> ^L>sjI aS* -L^iLi 41*il.3 4s>- 

jk>-Lo L ^Lij .^ti ^»L>eJl jj-*-> lj L^Jl jl ls^" ^ (_s^ ' ^giai^ 

(_£ljj Jj»- oijlj d5C il>sjl L> j C'..>i.J o.sl.3 (jL»I>-L*i jl csLal^l L> j I y lj o.3j.-l>t* 

J j-b>- i jS'j ojl Jil jIjJL* 4j ^ ojLil jjI j ^ j-i ^ eib jl j3 available 2 ^ ojLil jl 

C Uj j^i ^4 J> jl £j jji L La iS^JJJ J 1 ?" • ~^ J I J (_^* (J-~" I j^l ^LoJ 

aj cS j>- j available J>*-«jl L> . -Ujb jl y _ul o_Li j*>UI & ^ J <u tgjT 

. C-»sL> |»_wftl lj oJJm I o^jlj (jJ J> ^S' |»-Jfcl ^LaJa* C 4j lj I (_£l_ll>l C-'.o.^ 

CjLt ^L; vi^i jS' ij\ jj ^»jV jLT jlj^ <■ -LiL. n t^jb iLJ J j-b>- ^1 
^jj-U^- jS'l . ^ j-^J ^»L>«jl Jj-^- J^s jl ^Li j I ^ (S^ j. 1^5*" jj. ^^^r ~^*l j 3 *" 

jjia^A Aj . ^"1 11 L) i^^obla oJj» ^L>t!l jlS' (jlj-^ -UjI ji ^1 C i j^i j>el«*>- JjL) JjU^- 
C ^ jji j>el^>- JjL) La ^>L) jl Il/2 Ja**< jla ^ ' ^Li d5C 4j is C^La oili (j^L) 



^jV jUj o-LAi jliJ C-J ^li c 4^ -LiL ^ cn(n+e) C-J e ^»UJl 

6—1000 C^l c la ojlJJl Li 4-*li^) iI^j j.5 . ^j-^ila O^J JJ^"^ *^?r ^W*-^ 

^ (3 OIp*>U?I ^jI-L^SnJ -UjI <3r^^ JJ~"° j'j - * (jiL^.^! fr~100j 

A*j\j d5vj jl JL*£ (jbj ^ J J- 4 I j-'J ' -LiLJ eJUlS* <jl ^-^l (3^*-* jl-^-fi- 4 • -5 

t-j j-^> 100 j.i 4Jjja t -U j^i <_j j-^> 10 ji n j e jS'l & <L>jy^> y>j2 . ^ j-^ ^» C-~f**^> 
c I jUj 4^L>t* . _L»I j>- o-Ujl^ JL ^gJLo oIp*>U?I ^jI-L^SnJ jUj j . -Li -Lai j>- 
jLi>-I <. -lLJ ^ ij^j^a UeS' Ij jUj Lais' 4S0I L> 4k>lj Ij j 

(^IjJ ~L>- Jl (j-^ (jL«J L) I <$Cl)l ^y2x>s*Z3 j^Jila 4j _Lil ^4 J _L».3 ^4 jl 

. jS" cilil^l i jji i^JflJj l >l~~^J-5 

o-Li 413 jS" La jJLiLwalS' jl (_£jL*»o j.5 |»Jfc j.5 (_£ ^l! Aj j>tZ*~>- j2 ^yijlila (J^JJ 

^jj\ Aj ojLil (( JL) )) aS" .3.3 jS" iS^Jji I^J 15 ^ ^ °2\js> C-Jl>- L>el>l j3 . C-^xl 
JJ ^^5* jLi J jwL>- j.3 wLul y ^ a£ ^jU jjj il-bJ (^1^. ^JJSjJola aS~ ^jb ^ 'y^ 

y% aj J6\ y ^ m aS~ ^jI 4j 4*- jj b . ^jL- ^ ^jol y Ij m ol j>J^ C-jU \j n(n+e)/m 

Ja>- (_gLa C-^~*J jl jjljIS' jLw^j ^jj \ H \J ^i$'l-L>- t -LiL> dS'jJj ol j>Ji ojlJJl 



i . i 



oUJo o^l^ ^jXoUio jjj jj^^ |«-* c5 ^j-?*^**^" (^j^ 3 ^ ' ^W^^ U^5j (jL*J 



20 



32 



210 



cp 



oJLi cob jliJ ^>U 
n 



match 



last 









action 









ws 



^ybi jLjL- buckets <u m ^jj^ ^ Jj-^ cS^-* lS^jjj ~^ 

ULib iUJ J j_b>- ijjS'j . ( ^l^- I I* buckets jl it _ s J^) -^1 o-i-i 



1 > Y 



OUl^al tjs Jh jl . C—^l o-Li C->>sj (j-^>«-> j-S 4^* j^JajLoJfc t i j^i oib La 

<o h jl ^b d5C t s tS^ y, ^ba-j J 15 0,5 j'j { ~^ J ^ yr3 i j&*i-JxZ j^Jai* 4j 
iUJ J jO*- s ^\ .Jb'b £ ^ y\j m-1 It ^Op t^s)^ ^ j-i ^ o.ibLJ s 
^ Jj~^ J^** s jS'l . ijl^ j! ^5 h(s) ojUwi Li (^g^-" ^^-9 <■ -Lil> oib ^ j 5 !"^ 
4; h(s) ojL-i j^i ^ jl>- jib jl jS ^Jlxj S (^1^; ijjS'j vi^j ^l>=jl b c ijlJj 

jjlai c -Lib 4i*ib i Hi ojl-Gl b ^Jj-b"- c ^»b n jS'l ^Ju^Jl <_jL«*- d5l> l> 
n/m 4^ ^^iCi 4j m ^bWil I . -Lib ^ jTj n/m ^ J> ^Ijb 

. c.^l c-jb bjj (Jj-b>- 

(_^l^j <uiS' cn j i^Aji J c$l y> 'uJS' m J^bi ^UJ J jjb- Ja*- j> o-Li JUJ.I ^Laa 

<_£Uia jj\l> . C—^l Jj-b>- o^jlj j-A (^1^; ObJiS' .il-Uj C <JjJj>- (_^bfc o^jlj 

4j Jaiia t Jj-L>- oijlj c^l^; ^j*^ c^U^a j t ijb ^^Ssl^o m 4j Jala Jj-^ c^l^; ^ jV 

j| 41~olj bt o^jlj il-l*J 



o~Li <_Js j^a* <jbj (JS* jl j*>"lj i£ ojlJLjl a> JjJ^- a> a*>-\ <jl*j m t^l^j 

ojl-Ul Li (Jj_b>- j>\Li . >ili -IaI (_£ j*^«-^>- ^jXoljsl ojl-Ul (jLo-* L» (1)^*^1 Ja^o 
4j aS" .5 ls*"^ j^* j*"* J 15 ^ ^ <L->»\ 4i>- ^ J J-* j** (j-'l- ■^jl-i ^* s r _y y^jji 
j.5 i«L«>-l ^I^j j j I" |j Ia j -Lib 4^«l>t* (J^^ j^^j^ jl (_^^* <^l^; ^ ^ JJJ 



^ ^^-ais-La s 4ii j Ck, — C2,Ci (_gU jlS* jl h 

■i_u> 4j ^iTI jIS' dSC Jj JLJ . ^ ^ 

J jibe* jj j I o JiLo-jL) jl o^lii^l j m jj |»_w~jiji Li lafl9 . m- 1 j ^^s^^ sSs- 



^jjl^jLi -US' ^« _/^> ^ oJiU-jLi Jl o^lil^l c -Lib Jjl .i-lp m jS'l . C—^l 

. i ^L>«Jl 200 <^L>- 211 * jl>eijl o-Li o^J Jli« jt-Aj'i Jj-^ 

(^ilwUj 4j Jaia ^ytil jj Jl gifts' I Jb'jb 4>- jj 4lJoj (_gU ^Uj 4j £jj jj 

4-«Li^j dS\J Jfi-^jj C^l ^J^o- 4 ^LLalS' 4j 

(^Ijl-S C^l ^SCo ^ j^^fi^e-^l Ja^-x jj o~Li oiLil^l (_^La ^Li L> ^fisbj 

I (_^La i jlieljl -LjLa Jjjl.3 La ^Li 41*»0 4j ^LaJ ^fLisJil JCJm\j ^yf\s>- 

. jT OJU j bazl,new baz,baz 

0- bl . C^l (^La jiS'ljlS' ^>t^3 jj^Li* (j^ j-»-> <^~*" ^ ^—^bt* o^L»< 

. 'I jiS'ljlS' L) J' J^ 3 3- C-jIi L h ^^1*9 jl-lil* <_> t ji^j 
jIuX. t ^U^) . c~J 41^ j Jji? k aT/i = h k ,l<i < k ^\ j> hi=ahi_i+Ci , h =0 
L La jiS'ljlS' ( C—^l h mod m JjUj \j *J ojUJo aS' |»-aj^ 

<^L>*j La C; I ^jI 4jLL« <_£jj*l d$C . -LiL) ^ a=l I ^L?- c ^SC-iSC 

.a; jj. exclusive-or <. a jl oi« L> jjj. 
C~J 2 16 dSCoj; J j\ zJs- dSC aTc -LiL> a = 65599 ^1 <. ju> 32 Jo^l ^1^ 

1- ip a <Sol 4j 4s>- jj Li . il^ J-aI y>- jj J* a h;_i ^jjA>sji ^^jjj Ojj^ ^1 

mLLa ^Ji) Aj ^j-jLj 'Uj j^o tJL . . i 32 Jfiji*- J LaJjj j*u jl (j^ ^ jialS c ^1 Jjl 



jl C Lois' t£\ j» jij JSCi hashpjw ^aji ^It <. ^LjT ^ d5C 

4j o jl- jl>^l J jjb- La ejlJb'l ^Lj 1 P.J.Weinberger 

1) #define PRIME 211 

2) #define Eos ' \0 ' 

3) int hashpjw (s) 

4) char *.s; 

5) { 

6) char *p; 

7) unsigned h = , g; 

8) for ( p = s; *p != Eos; p =p+l ) { 

9) h = (h«4) + (*p); 

10) if(g=h&0xf0000000) { 

11) h = h A (g»24); 

12) h = h A g; 

13) } 

14) } 

15) return h % PRIME ; 

16) } 

^ ji . ^ 1500 j j200 jlOO jl j^jj J jl ilapl jl J-«L- 1* ojlaJl 

j*» jl ^k; >3 j 65599 jT ^^JLi jIuJL* i_j l» lj h aS* ^ ^s*^ <■ ^d^P ^ 
^ a^Us^ h=0 jl £jj£> Li hashpjw ^Lr to j^J -^U^ cS-^ t jl j jj j 

£»i>- C L> j JJbli ^yi jLiJl (_> Aj jlSva 4 ojlJJl 4j h <_£l» C ^iS'ljlS' y<* (_gl^j jji 

lj <u jlSCa 24 t 4 ^jI jlJ.Ii ) h ^VLi <J ^ (JUo 4 jl dSC yt> ^1 . JJ jJ ^» 



VL> 4J ^ c-j jl#>- jl dSC yh j Jj^yf ^ exclusive-or, h L j ^ ^ e_»b JLiol 
■^JJ-* lS^JJJ J f-*J^ °j'-^ ' ^ J,^*- 4 ^ imfd] ~ 1 ^Jl^O 

-Ui^a i^^* ^ °j ^ j* 3 iS-^-^" OUJ5' <. uj ^j^j iUJ Jj_b»- 4j j^j ( _£jL1S' oUJ5' 
jl jj^o Lv i ^Li c ^Li^j jl 4>- jS^I . UJ ^« o^Lii^l j y^-* j ^S* 

. *<l eJLi o^Lsi^l while 4jLL« t jL> 

jl y 4jLz^ ..i.l j.3 45* C.^l ^La .sIjI*j *j |»Jbji ^Ij (j^ (j^s-^l °lj li-Cj 

-US' 

j_» 45* ^ La t^*"' jlj-* J' <_S j-^ oj\Jo\ d£C> < j <m — l i£\ j} j-S - jl ys 

m ^ I 4^»<L>t* L> Jj\ oJJm ^j^y La iJL ..ill 

5 b j( b j+ i)/2 

j=o 

jjjl (_gl^ I jjI OjLp jjI (jl^ ^1 ^jL. 

. d. '"I jLJ bj 4j j^iS' ^jij>- 1 ^ * _/ tlc^* *S J ' ^ i^'Jji 

. JLiL ^ bj(bj+l)/2 l 

i .v 



t jl aS* ^ISsla . JCJ»L ^« U j^pl (_gl^> t .iLJ J jJb- <_$U oijl j 

oJUl.3 £ jl UjL) (j I !»_. <j*}lpl 4j .Isjjj^ 0,5 jlj ' ^ J^" (_s^ J^^^T" Jj-^ - J^ 

oIp*>U?I . c**n| Jj Lois' jLj C-JUs ^jjS'j JiU^ oijJb** Li 4j jj d5C <_£l^j 

4la*>- ji .3 j>- j* 4j jj 4j .Isjjj^ iLaJ (_gLa (Jj_b»- ( j£j jj jl oilil^l l> 4j Jj iiS\J j^j^-* 

4j Jj| jj ^4 ^JJ lZ£> (> _s^ >s - 4 ^l^ , *^'l Jjb) . 2 C-^Li <jl>j o.3j.-l>t* ( j-jl j9 

t ^^jl jS' ^jjl L) . .5.5 jS* (jlstJl 4-«ljjJ j I 4j \py^A jS*j C^-ji j5 4j Jj j I 4j \? y^jA OJ jS" 

(jL*i>-L»i jl ^Lial L> ~Ljl jj" ^« c JJ^jb ( J>-ldi4 ^g^ojJ ( J>S^' 4j o5j-l>t* ( j-Jl ji ^iS'l 

^sl^aZs^-l l> 4jJJ jA (^1^ • «Ai^ j^* L^jL °' 5 L (J-^*- 1 (j^l J 15 4jIjI (_^La 05I5 

*l ^gS* jL jh>-L<i (^Ijl^ jl->j jS*l • C—^l (_£j*5Cu JjIS 4j Jj 4j (_£.5 ^3 4j j^SS^ji 5~lp 

\j I j5* j>sj Oj j^? 4j -Ul jj ^« ^jj ojl^i . »U j-i (_^jl«ij ojL>-Ji Uj Li yj 

.ii jS* <U*«l>t* t UJLiLkj ^4 ^<a>s-L4 lj 4jjj (_gLgljl j Iwllil ^5* ^)IJjv4 ^jJ| ji jl o^lil^l 

( jXoL«J t i ^4 jl 4j jj (j I (^gJ^s- 4 Olp*iU?l ^LaJ jl ^lisj (jl jlP 4j 4j Jj 0jL>-Ji 
(j I JJ0L4 ^jl ja jl ^J&u ji) .4j jj ojL«wJi j J^L^ C>^l (_5*"jj ^L«-> Jj-^" J^ (^s^ 5 **- 4 



> • A 



I jjj » ijljj (_s^jj^ (_s*^J ^ ^JJ ojLo^i (j-^ j-*U? Jjl o-Li i^jlw* jjj ^5* ^l* 
o^jlj 4j ^iS'IjIS' 4j ,_gU aS' Juki ^ ^-j (JLkil 

C—^l ^jl-S^J (Jl>- ^S* 4j Jj ojUwJi L) iLaJ Jj_b»- Oijlj j.3 (j I ol OjLo^i J .3.5 jS" 

i^Jlfl ji JJJl jj UjJL>-l-ll4 Li ^^oji j^iaj ^S* oij-l>s^ jS J&\ .-Lib jjljj 

1 Xi j^m (^jL-o oilo ^ <z£> iSjj ji j j jLo^l j! ^l* OjL^ 
eJj. il^jl o^jl j y-bo*- jisIj : Lookup 
OjO^ jl j d£> iUjJ Insert 
. o-Li o^jl j ^ji^Ur>- >3JL>- :Delete 

aJJj ^oLi o^j-i>s^ -Sjj^ iUJ JjUj>- oIp*>U?I c oj-IS' d5\j jL Lois' j$ JJ jJt< 

(_^jL»i o^l-i I <jl*j ^^s^xJ^j ^Lv*~m d5C ^S*l Uf j^is^> t. -Lilt jL! I j*-l jUj 



<Jjl«^>- J L& C~»~J C ( j-^ SJ ( j J U' 5 C-^^sJ <^i* o.il.3 jl»I>-L«i jl d5C 

. UJL)L»J C-jLo^- \j j9 (JUkpl Jj j^m 419 jS* jlS' Aj ^£jM Aj JSj\ 
(J^H (jd' L?M ^-<^ J -5 ^* ^JJ^J jl cS' 4jIjT J-«Li C~~J AS' ^yilSOA 

U oijlj L -UljJ ^ Lookup <u j$^>- a£ oJJm ojLil ^1 a> <. _Li i^ju^> j> 

Ift oijlj <j.3 ^ 4jLL« 4j\j\j2 La oijlj iw—J ^ji A^ ^gi^i 4j t3 d5C 

C 4j|jl C.' o 4j 4^l.j| j jl £j j-^ 1 Li ^jXo^j vi^i . .5 j^m (^jL- °^\->J_ <• -Lib 



<jjl .JjL ^ d)l <_£l^> Ij o^jlj JJ^-b*- 



1 -LiL 



front 



a2 



aO 



o^jl j j±d>- aj front ^ ojLil 
,_£jLo oiL . ^ ^ jly C~~J ^JL>- o^jl j l^ij -^jb j^j jl*j insert 

JU^jI JUi j front Ja-* jj o-Li ojLil o^jlj jl j->i j ~J jt ^ Lookup 
( J^*i . ^ j-S' ^L>*-»l <■ C-.»..J (_^L^ijl j-L^jl Li jlaJ o (jisli <jl*j l> 1* 



1 1 



(j\ 4j jj (_gU 4j Js^>j^ <^Ia ^ 4ii>b a>- jj delete J^p ^I^j 

j\ j3 ^\Jl>\ 4j «-->a (jjjj dS\Ojj c JJjIi j! ji ^1>-Ii 4jjj ui./ (Ji"*^ 

«-5jlj <j-Jjl £\ • -L>iL) O^jlj jA l> 4->JJ OjLwJi ^jl-l^j 4j (_£jL> C ^jjl^jL) .~U j£ 

^jjl o2jJj>tj* ^jli^j 45* ^^al^la ^ ^* ^ J- 1 * 1 (^y 2 **-^ 4 ^JJ J-* 

HI ( J^Li |»-A Jj_b>- . .3.3 £ i^Ss- Jl*9 iLaJ Jj_b>- jl X>\ jj C -III) ^4 <Ujl>- 4j Jj 

jl o^lil**<l L) 'ULwgJfc ^li d^J 4^1)1 4j 4j>- jj l> . 3 jJm ^« ^jl.1^3 4j|j I jl o^lil**<l L) C t>L..»>.J 
^4 (_£jl.Af^J (_J j9 jj^^ 1 4jl<Xw4 Ia C^" j^S jl d^J jA 3 j*i ^4 J^**- 4 **— ' ""^ ^ j* - *^ 

<j\ j) ^ ji J j-b>- ^Lj ^jZj jj <j t^jLJ delete J^p cSjL*" coL <_£l^j Jl*- y> <u . 3j-i 
ij j^ _ul jj ^4 jjj . -Lil> -5 j-*" <»j9-i*- Uj L ^5* ^> La o^jIj J^Li ^i^J (jxab 

: c~*>l JU<2j*l j3 t^ljb o^jlj y<s -LiS' ^9. 3 j-S' jl o^lii^l 

j3 ^LT Ja**- jj If! I 45* <_£ ^Ssj3 (_gLa oijl j 4j Ij oijl j ^ I aS' j3 JUsjI dSC 

. Jj L*J ^4 ^y^ia j^yij 4j 3 j^i ^4 Jj _Lj 4jLXw4 jljJL* 4j 
OjjsiS 4j Ujjli jl ^3 4jLZw4 o3j~l>t*j3 Ij ^iLa oijlj ^l»J £ oSjSsu* JL^jI d^j — Y 

. Jj L«j ^4 J*^l4 U^j 4j j^zjj 
t JjLkJ oijjisJ C—^i Jj-l>- jl o^jlj d^J tjjj^- jL4j o^j-l>s^ JU^jI ^\ 

oijJj«t^ lj lS^J^ 1 " 4 ' ^"1 oJJm J^^XJ oij-l>s^ OVU^jI Li & (_£ j->sjj 

. -lA^ ^4 J^^XJ ( (Jl*9 j-p) Co»sJ ^ _) 



\ \ \ 



jljJLa jj d^J tjj I jij C .3 j-S" ^l>«jl C->9i I) ~bl> ji (Jj_b»- jl oijlj i^SSs>- 

J?lJjl ^S^> L i ojL»<i o2j\j i^jS>- -^jj' jI?1>sj . ^jb j-Jlj j^s j.s jl 
oVU^jI Jl cslii^l L^jJ ^l^li) i j-S' ^ L>rJl i+1 ojL>^i I- 1 i~l ojU^ 

C~»~J d^j |»Jfc ji oVU<ajil ^S'l . ~J 1 ojUwJi ■ijlj jr 9 ^ o.3jJb*jo 

^>l i-1 o^jlj c -bUJ ojLil o^jlj (j-^jl (ji j 5 * - I jlj' 5 & Jim J^-xJ I j (_g yils- 

^(La v Jl ■ ... .1 (j—*^ j jiaLa 4j jl (jl J> J ^" 4 J 15 • ^ J^ J? j*> 

^jZj jj (_£jj.-b»- 4->JJ & ^al^JLft . .3 j-aJ oilil^l -U j*i Jj L) ^) 1* O^jlj (J* 4 ^ 

( J^Li C'...,^J OjL»^i C C-w**}^ j2 . 2 jS" jl j3 ji C-w**}^ dS\J t .3 j*i 

JjI jjijb AS' ^ISOA . Jb'jb jl y 4j jj JjI j.i oJLi j^UI <_£l* (_£|^j e.ijl j 

j I ^)L« j \j UJ j*i ^J^ 5 *" ^""""i *^ J ^ J* (_S^ C.x' j^S il-lpl C UjL) ^« <Ujl>- 4j Jj 

.-L*i^)I ^3 4j Jj 
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